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ABSTRACT
P i g m e n t e d  r a t s  o f  t h e  DA s t r a i n  w i t h  e i t h e r  
r a d i o f r e q u e n c y  o r  i b o t e n i c  a c i d  l e s i o n s  o f  t h e  t h a l a m i c  
n u c l e u s  m e d i a l i s  d o r s a l i s  we r e  p o s t o p e r a t i v e l y  g i v e n  
n o n - s p a t i a l  and  s p a t i a l  t e s t s  o f  w o r k i n g  memory.  I n  t h e  
n o n - s p a t i a l  t a s k ,  d e l a y e d  n o n - m a t c h i n g  t o  s a m p l e ,  r a t s  w i t h  
b o t h  t y p e s  o f  t h a l a m i c  l e s i o n s  showed a c q u i s i t i o n  
i m p a i r m e n t s .  The s u b g r o u p  o f  r a t s  w i t h  n u c l e u s  m e d i a l i s  
d o r s a l i s  l e s i o n s  t h a t  we r e  a b l e  t o  r e a c h  t h e  a c q u i s i t i o n  
c r i t e r i o n  d i d ,  h o w e v e r ,  p e r f o r m  n o r m a l l y  when t h e  r e t e n t i o n  
i n t e r v a l  was e x t e n d e d  t o  60 s e c o n d s  and when p r o a c t i v e  
i n t e r f e r e n c e  was i n c r e a s e d .  A f i n a l ,  c o n t r o l  v a r i a n t  o f  t h i s  
t a s k  was i n c l u d e d  t o  a d d r e s s  t h e  p o s s i b i l i t y  o f  a s e n s o r y  
d e f i c i t .  I n  t h e  s p a t i a l  t a s k ,  d e l a y e d  f o r c e d  a l t e r n a t i o n ,  
r a t s  we r e  t e s t e d  w i t h  d i f f e r i n g  r e t e n t i o n  i n t e r v a l s  and  w i t h  
b o t h  s p a c e d  and  m a s s e d  t r i a l s .  Damage t o  n u c l e u s  m e d i a l i s  
d o r s a l i s  h a d  no e f f e c t  on a c q u i s i t i o n  o r  on s p a c e d  t r i a l s ,  
b u t  a s l i g h t  d e f i c i t  was f o u n d  i n  t h e  a n i m a l s  w i t h  
r a d i o f r e q u e n c y  l e s i o n s  u n d e r  t h e  m a s s e d  t r i a l  c o n d i t i o n .  
Much c l e a r e r  d e f i c i t s  w e r e ,  h o w e v e r ,  p r e s e n t  i n  t h o s e  
a n i m a l s  i n  w h i c h  t h e  l e s i o n  e x t e n d e d  a p p r e c i a b l y  i n t o  t h e  
a n t e r i o r  t h a l a m i c  n u c l e i .  The f i n d i n g s  i n d i c a t e  t h a t  w h i l e  
c e l l u l a r  damage t o  n u c l e u s  m e d i a l i s  d o r s a l i s  may d i s r u p t  
l e a r n i n g ,  some i m p a i r m e n t s  i n  t e s t s  o f  s p a t i a l  w o r k i n g  
memory a t t r i b u t e d  t o  t h i s  n u c l e u s  may r e f l e c t  damage t o  t h e  
a d j a c e n t  a n t e r i o r  t h a l a m i c  n u c l e i .
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Memory h a s  b e e n  d e s c r i b e d  a s  "The a b i l i t y  t o  r e c e i v e  
a  s e n s o r y  i m p r e s s i o n ,  t o  r e t a i n  i t  and  t o  r e c a l l  i t  a t  t h e  
a p p r o p r i a t e  moment" ( B r i e r l e y ,  19 77 ,  p . 1 9 9 ) .  T h i s  p r o c e s s  
o f  m e m o r i z i n g  i s ,  h o w e v e r ,  s e e m i n g l y  i m p o s s i b l e  t o  i s o l a t e  
a s  a  d e f i n e d  s y s t e m ,  b e i n g  bound  up w i t h  a  c o n f u s i o n  o f  
o t h e r  c o n t r i b u t i v e  and  d e p e n d e n t  p r o c e s s e s  r a n g i n g  f ro m 
p e r c e p t i o n  t o  a c t i o n .
I n  s p i t e  o f  t h i s  p r o b l e m  i t  d o e s  a p p e a r  t h a t  a 
number  o f  r e l a t i v e l y  w e l l - d e f i n e d  s t r u c t u r e s  a r e  
p r e - e m i n e n t l y  i m p o r t a n t  f o r  c e r t a i n  c l a s s e s  o f  memory.  T h a t  
i s  t o  s a y  t h a t  t h e y  a p p e a r  t o  be  n e c e s s a r y  f o r  n or ma l  
memory,  b u t  n o t  f o r  a w i d e  r a n g e  o f  o t h e r  c o g n i t i v e  
f u n c t i o n s .
By t h e  u s e  o f  r a t s  a s  a model  o f  human d i e n c e p h a l i c  
a m n e s i a ,  t h i s  s t u d y  w i l l  a t t e m p t  t o  h e l p  c l a r i f y  t h e  r o l e  i n  
memory p l a y e d  by t h e  t h a l a m i c  n u c l e u s  m e d i a l i s  d o r s a l i s  
(MD), a s t r u c t u r e  w h i c h  h a s  o f t e n  b e e n  i m p l i c a t e d  i n  s t u d i e s  
o f  memory f u n c t i o n .
— 1 —
1 . 1  A n a t o m i c a l  P r o p e r t i e s  an d  C o n n e c t i o n s  o f  MD.
The t h a l a m u s  i s  t h e  d o r s a l  p a r t  o f  t h e  d i e n c e p h a l o n ;  
t h e  o t h e r  p a r t s  b e i n g  t h e  h y p o t h a l a m u s ,  s u b t h a l a m u s ,  
a nd  e p i t h a l a m u s .  The b r a i n s  o f  a l l  mammal ian  s p e c i e s  i n c l u d e  
a t h a l a m u s ,  o r  more  c o r r e c t l y  two t h a l a m i ,  o ne  i n  e a c h  
h e m i s p h e r e ,  c o n n e c t e d  t h r o u g h  t h e  t h i r d  v e n t r i c l e  by t h e  
m a s s a  i n t e r m e d i a .  The t h a l a m i c  r e g i o n s  t h a t  h a v e  b e e n  
i m p l i c a t e d  i n  memory p r o c e s s e s  a r e  MD, t h e  m e d i a l  
p u l v i n a r ,  t h e  l a t e r o d o r s a l  n u c l e u s ,  and  t h e  a n t e r i o r  n u c l e i .  
Of t h e s e  MD i s  t h e  mos t  f r e q u e n t l y  a s s o c i a t e d  w i t h  i m p o r t a n t  
memory f u n c t i o n .
The l o c a t i o n  o f  MD i s  m e d i a l  t o  t h e  i n t e r n a l  
m e d u l l a r y  l a m i n a  i n  t h e  m i d d l e  t h i r d  o f  t h e  t h a l a m u s .  I n  
p r i m a t e s  MD c a n  be  r e a d i l y  d i v i d e d  i n t o  t h r e e  r e g i o n s  on 
c y t o a r c h i t e c t o n i e  g r o u n d s .  T h e s e  a r e  t h e  m e d i a l  
m a g n o c e l l u l a r  p o r t i o n  (MDmc), t h e  l a t e r a l  p a r v o c e l l u l a r  
p o r t i o n  (MDpc) ,  an d  t h e  f a r  l a t e r a l  m u l t i f o r m i s  p o r t i o n  
(MDmf) ( O l s z e w s k i ,  1 952 ;  A k e r t ,  19 64 ;  T o b i a s ,  1975;  
G o l d m a n - R a k i c  & P o r r i n O ,  1 9 8 5 ) .  O l s z e w s k i  ( 1 9 5 2 )  a l s o  
r e f e r e d  t o  a s m a l l  d e n s o c e l l u l a r  p o r t i o n  i n  t h e  mos t  c a u d a l  
p a r t  o f  t h e  n u c l e u s .  A l t h o u g h  MD i n  t h e  r a t  i s  much more  
homogeneous  i n  i t s  c y t o a r c h i t e c t o n i e  s t r u c t u r e ,  f i b r e  
p r e p a r a t i o n s  h a v e  h e l p e d  d i s t i n g u i s h  a  m e d i a l ,  a c e n t r a l  
and  a l a t e r a l  r e g i o n  ( C o r n w a l l  & P h i l l i p s o n ,  1988 ;  K r e t t e k  & 
P r i c e ,  1979;  L e o n a r d ,  1 9 6 9 ) ,  and  G r oen eweg en  ( 1 9 8 8 )  h a s  
a d d e d  a p a r a l a m e l l a r  a r e a  i n  t h e  e x t r e m e  l a t e r a l  r e g i o n .
—2 —
I n  o r d e r  t o  e s t a b l i s h  an  a n a l o g y  b e t w e e n  MD i n
r a t s  an d  p r i m a t e s  ( i n c l u d i n g  h u m a n s ) ,  i t  i s  n e c e s s a r y  t o
compar e  t h e s e  d i v i s i o n s  on t h e  b a s i s  o f  t h e i r  p r o j e c t i o n s .  
T h u s ,  i n  t h e  f a r  l a t e r a l  p a r t  o f  MD, t h e  r a t ' s  p a r a l a m e l l a r  
s egme nt  w ou l d  a p p e a r  t o  c o r r e s p o n d  w i t h  t h e  p a r s  
m u l t i f o r m i s  i n  p r i m a t e s ;  b o t h  h a v i n g  s u b s t a n t i a l  r e c i p r o c a l  
c o n n e c t i o n s  w i t h  t h e  f r o n t a l  eye  f i e l d s  ( G r o e n e w e g e n ,  1988;  
O l s z e w s k i ,  1 9 5 2 ) .  T h i s  t h e n  l e a v e s  t h e  a p p a r e n t  a no ma l y  o f  
t h e  r a t  h a v i n g  t h r e e  r e m a i n i n g  s e g m e n t s  ( m e d i a l ,  c e n t r a l ,  
and  l a t e r a l )  t o  compar e  w i t h  o n l y  two i n  p r i m a t e s
( m a g n o c e l l u l a r  and  p a r v o c e l l u l a r ) .  T h i s  a no mal y  may be  
r e s o l v e d  by t h e  d i s c o v e r y  t h a t  t h e  c e n t r a l  p o r t i o n  o f  MD 
i n  t h e  r a t  h a s  h e a v y  i n p u t s  f ro m o l f a c t o r y  r e g i o n s  s u c h  a s  
t h e  v e n t r a l  o r b i t a l  c o r t e x ,  p r e p i r i f o r m  c o r t e x ,  and
o l f a c t o r y  t u b e r c l e  ( G ro e n e w e g e n ,  1 9 8 8 ) .  S i m i l a r
r h i n e n c e p h a l i c  a f f e r e n t s  i n  t h e  p r i m a t e  t e r m i n a t e  i n  MDmc 
( R u s s c h e n ,  A m a r a l ,  & P r i c e ,  1987)  ( f i g . l ) .  G i v e n  t h a t  t h e  
r a t  h a s  e v o l v e d  t o  r e l y  h e a v i l y  on o l f a c t i o n ,  i t  seems 
r e a s o n a b l e  t o  r e g a r d  t h i s  c e n t r a l  p o r t i o n  a s  a  r e l a t i v e l y  
s p e c i a l i s e d  p a r t  o f  what  wo uld  be  MDmc. O t h e r  e v i d e n c e  
i n d i c a t i n g  t h a t  t h e  c omb in ed  c e n t r a l  and  m e d i a l  p o r t i o n s  o f  
MD i n  t h e  r a t  c o r r e s p o n d  t o  MDmc i n  t h e  monkey comes f rom 
t h e  f i n d i n g  t h a t  i n  b o t h  o r d e r s  i t  i s  t h e s e  r e g i o n s  o f  MD 
t h a t  a r e  c o n n e c t e d  w i t h  t h e  v e n t r a l  a n d  o r b i t a l  p o r t i o n s  o f  
t h e  p r e f r o n t a l  c o r t e x  and  r e c e i v e  l i m b i c  i n p u t s  f ro m 
s t r u c t u r e s  s u c h  a s  t h e  a m y g d a l a  and  e n t o r h i n a l  c o r t e x
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( C o r n w a l l  & P h i l l i p s o n ,  1988;  G r oe n e w e g e n ,  1988;  N a u t a ,  
1961;  R u s s c h e n  e t  a l ,  1 9 8 7 ) .  S i m i l a r y ,  b o t h  t h e  l a t e r a l  MD 
i n  t h e  r a t  and  MDpc i n  t h e  monkey a r e  c o n n e c t e d  w i t h  t h e  
d o r s a l  an d  l a t e r a l  p r e f r o n t a l  c o r t e x  ( F i g .  1 ) .  Thus  i t  c an  
be  s e e n  t h a t  t h e  d i v i s i o n s  o f  MD a r e  c o m p a r a b l e  i n  r a t s  and  
p r i m a t e s ;  t h e  c e n t r a l  and  m e d i a l  p o r t i o n s  i n  r a t s  b e i n g  
a n a l o g o u s  w i t h  MDmc, and  l i k e w i s e  t h e  l a t e r a l  p o r t i o n  b e i n g  
a n a l o g o u s  w i t h  MDpc.
The m a j o r  a n a t o m i c a l  c o n n e c t i o n s  o f  MD i n  t h e  r a t ,  
w h i c h  a r e  i l l u s t r a t e d  i n  F i g u r e s  1 and  2 ,  c an  be  d i v i d e d  
i n t o  f o u r  g r o u p s .  F i r s t ,  t h e r e  a r e  l i m b i c  s y s t e m  
s t r u c t u r e s ,  s u c h  a s  t h e  a my g d a l a  and  l a t e r a l  h y p o t h a l a m u s .  
T h e s e  c o n n e c t  l a r g e l y  w i t h  t h e  m e d i a l  an d  c e n t r a l  p o r t i o n s  
o f  MD. S e c o n d ,  t h e r e  a r e  b a s a l  f o r e b r a i n  s t r u c t u r e s ,  s u c h  
a s  t h e  v e n t r a l  p a l l i d u m  and  o l f a c t o r y  t u b e r c l e  , w h i c h  a l s o  
c o n n e c t  w i t h  t h e  m e d i a l  and  c e n t r a l  p o r t i o n s .  T h i r d ,  t h e r e  
a r e  a r e a s  o f  t h e  f r o n t a l  c o r t e x ,  s u c h  a s  t h e  p r e l i m b i c  and  
m e d i a l  p r e c e n t r a l ,  w h i c h  c o n n e c t  w i t h  t h e  m e d i a l ,  c e n t r a l ,  
and  l a t e r a l  p o r t i o n s .  The f r o n t a l  e y e  f i e l d s  a r e  an  
e x c e p t i o n  t o  t h i s ,  h a v i n g  r e c i p r o c a l  c o n n e c t i o n s  w i t h  t h e  
p a r a l a m e l l a r  p o r t i o n  o f  MD. The r e m a i n i n g  m a j o r  c o n n e c t i o n s  
w h i c h  do n o t  f i t  i n t o  t h e s e  t h r e e  g r o u p s  i n c l u d e  s u c h  
s t r u c t u r e s  a s  t h e  s u b s t a n t i a  n i g r a  and  t h a l a m i c  r e t i c u l a r  
n u c l e u s ,  a n d  t h e s e  c o n n e c t  d i f f u s e l y  t h r o u g h o u t  MD.
An e x a m i n a t i o n  o f  t h e  c o n n e c t i o n s  o f  MD i n  t h e  
monkey ( F i g s .  1 and  2)  r e v e a l s  a  v e r y  s i m i l a r  p i c t u r e  t o
—4 —
t h a t  i n  t h e  r a t  w i t h ,  o n c e  a g a i n ,  t h e  m a j o r  c o n n e c t i o n s  
b e i n g  w i t h  l i m b i c ,  b a s a l  f o r e b r a i n ,  and  f r o n t a l  c o r t i c a l  
r e g i o n s .
I n  summary,  i t  c a n  be  s e e n  t h a t  t h e  r a t  MD b e a r s  
many c o n n e c t i o n a l  s i m i l a r i t i e s  w i t h  t h e  p r i m a t e  MD, and  a s  a 
c o n s e q u e n c e  may p r o v e  t o  h a v e  s i m i l a r  f u n c t i o n s .  T h i s  may 
l e a d  t o  an  e x p e r i m e n t a l  s i t u a t i o n  wher e  s u i t a b l y  a n a l o g o u s  
memory t a s k s  c a n  be  a p p l i e d  t o  r a t s ,  monkeys  and  humans w i t h  
t h e  u l t i m a t e  a im o f  u s i n g  t h e  r a t  a s  a  model  f o r  some 
a s p e c t s  o f  human d i e n c e p h a l i c  a m n e s i a .
1 . 2  C l a s s i f i c a t i o n s  o f  Memory P r o c e s s e s  
Most  w o r k e r s  i n  t h e  f i e l d  o f  memory h a v e  f o u n d  i t  
p o s s i b l e  t o  r e c o g n i z e  t h r e e  t y p e s  o f  memory i n  t e r m s  o f  
d u r a t i o n ,  i . e .  t h e  b r i e f  s e n s o r y  s t o r e  ( i c o n i c  o r  e c h o i c  
memory) ,  s h o r t - t e r m  memory,  and  l o n g - t e r m  memory.  A l t h o u g h  
t h e  a c t u a l  l e n g t h s  o f  t i m e  a s c r i b e d  t o  t h e s e  t e r m s  v a r y  
w i d e l y ,  t h e y  c a n n o t  be r e g a r d e d  a s  m e r e l y  r e l a t i v e  t e r m s ,  as  
t h e  p h y s i o l o g i c a l  m ec h a n i s m s  b e h i n d  them c a n  be 
d i f f e r e n t i a t e d .
F u r t h e r m o r e ,  a  h i e r a r c h i c a l  s t r u c t u r e  c a n  be  s e e n  i n  
l o n g - t e r m  memory,  s u c h  t h a t  i t  c o m p r i s e s  p r o c e d u r a l  memory 
( k nowi ng  " h o w ") a n d  d e c l a r a t i v e  memory (kno wi ng  " t h a t ” ) 
( T u l v i n g ,  1 9 8 5 ) .  P r o c e d u r a l  memory i s  t h e n  s u b d i v i d e d  i n t o  
c l a s s i c a l  conditioning, motor skills, and priming;
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d e c l a r a t i v e  memory i n t o  e p i s o d i c  a n d  s e m a n t i c  memory 
( P a r k i n ,  1987;  T u l v i n g ,  1 9 8 5 ) .  E p i s o d i c  memory i s  memory f o r  
a u t o b i o g r a p h i c a l  e v e n t s  a s  o p p o s e d  t o  s e m a n t i c  memory w h i c h  
i s  memory f o r  l a n g u a g e ,  f a c t s ,  g e n e r a l  c o n c e p t s  an d  r u l e s  
a b o u t  t h e  w o r l d .
A n o t h e r  i m p o r t a n t  d i f f e r e n t i a t i o n  w h i c h  h a s  o f t e n  
b e e n  made,  p a r t i c u l a r l y  i n  r e s e a r c h  i n v o l v i n g  a n i m a l  memory,  
i s  t h a t  o f  ’w o r k i n g '  memory and  r e f e r e n c e ’ memory 
( H o n i g ,  1978;  O l t o n ,  B e c k e r ,  & Han de l man ,  1 9 7 9 ) .  T h i s  
d i s t i n c t i o n  i s  made on t h e  p r e m i s e  t h a t  t h e  p r o c e s s  o f  
m e m o r i z i n g  a g e n e r a l  r u l e  ( r e f e r e n c e  memory)  d i f f e r s  f ro m 
t h e  a b i l i t y  t o  m emor ize  a p i e c e  o f  i n f o r m a t i o n  n e c e s s a r y  t o  
c o m p l e t e  a  s i n g l e  s u b s e q u e n t  t a s k  ( w o r k i n g  memory) .  
T h e r e f o r e ,  i n  an  e x p e r i m e n t a l  c o n t e x t  l i k e  t h i s  s t u d y ,  
w o r k i n g  memory wou ld  p r o v i d e  t h e  i n f o r m a t i o n  n e e d e d  t o  
p e r f o r m  a  s i n g l e  t r i a l  c o r r e c t l y ,  and  r e f e r e n c e  memory wou ld  
p r o v i d e  t h e  r u l e  a s  t o  how t o  p e r f o r m  a l l  s u c h  t r i a l s .
1 . 3  D i e n c e p h a l i c  Amnes ia  and  t h e  S t u d y  o f  Memory
I n  o r d e r  t o  a t t e m p t  t o  r e l a t e  memory f u n c t i o n s  t o  
s p e c i f i c  b r a i n  l o c i ,  much u s e  h a s  b e e n  made o v e r  t h e  y e a r s  
o f  c a s e s  o f  memory l o s s .  T h i s  c a n  be  f o u n d  i n  a m n e s i c  
s yn d ro me s  i n  human c l i n i c a l  c a s e s ,  o r  d e l i b e r a t e l y  c r e a t e d  
by p r o d u c i n g  b r a i n  l e s i o n s  a t  s e n s i t i v e  s i t e s  i n  a n i m a l s .  
I n  c l i n i c a l  a m n e s i c  s y nd r o m e s  i n  humans ,  t h e  c a u s e  i s  
u s u a l l y  b r a i n  damage o f  some k i n d  c a u s e d  by d i s e a s e ,  t r a u m a .
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o r  s u r g i c a l  i n t e r v e n t i o n .
Amnes ia  i s  o f t e n  d i v i d e d  i n t o  a n t e r o g r a d e  a m n e s i a ,  
t h e  memory l o s s  a c t i n g  on m a t e r i a l  p e r c e i v e d  a f t e r  t h e  o n s e t  
o f  b r a i n  i n j u r y / d e g e n e r a t i o n ,  and  r e t r o g r a d e  a m n e s i a ,  
p e r t a i n i n g  t o  m a t e r i a l  p e r c e i v e d  b e f o r e  t h e  o n s e t .  A l t h o u g h  
b o t h  t y p e s  o f  a m n e s i a  c a n  b e  p r e s e n t  i n  t h e  same s u b j e c t ,  
a n t e r o g r a d e  a m n e s i a  h a s  b e e n  o f  p a r t i c u l a r  i n t e r e s t  a s  t h e  
l e a r n i n g  d e f i c i t  o c c u r s  i n  t h e  f a c e  o f  n o r m a l  o r  n e a r - n o r m a l  
p e r f o r m a n c e  i n  a  w i de  r a n g e  o f  o t h e r  c o g n i t i v e  t a s k s .  T h i s  
p o i n t s  t o  t h e  f a c t  t h a t  c e r t a i n  b r a i n  s t r u c t u r e s  c an  be  
r e g a r d e d  a s  b e i n g  p r e - e m i n e n t l y  c o n c e r n e d  w i t h  t h e  e n c o d i n g ,  
s t o r a g e ,  o r  r e t r i e v a l  o f  new m e m o r i e s .
A n t e r o g r a d e  a m n e s i a  i s  u s u a l l y  d i v i d e d  i n t o  two 
c l a s s e s ,  r e f l e c t i n g  t h e  two a n a t o m i c a l  r e g i o n s  w i t h i n  t h e  
b r a i n  w i t h  w h i ch  t h e  a m n e s i a  i s  a s s o c i a t e d .  T h e s e  r e g i o n s  
a r e  t h e  t e m p o r a l  l o b e  ( e n c o m p a s s i n g  s t r u c t u r e s  s u c h  a s  t h e  
h i p p o c a m p u s ,  f o r n i x ,  and  a m y g d a l a ) ,  and  t h e
d i e n c e p h a l o n  ( i n c l u d i n g ,  amo ngs t  o t h e r  s t r u c t u r e s ,  t h e  
m a m m i l l a r y  b o d i e s  an d  s e v e r a l  t h a l a m i c  n u c l e i  i n c l u d i n g  MD). 
T h e r e f o r e ,  a s  t h i s  s e r i e s  o f  a n i m a l  e x p e r i m e n t s  i s  b a s e d  on 
MD, e v i d e n c e  f rom human d i e n c e p h a l i c  a m n e s i a  h a s  b e e n  
e x a mi n e d  a s  a b a c k g r o u n d  t o  t h e  w o rk .  As can  be  s e e n  f rom 
t h e  s t u d i e s  d e s c r i b e d  b e l o w ,  h o w e v e r ,  t h e r e  a r e  c o n s i d e r a b l e  
d i f f i c u l t i e s  i n  o b t a i n i n g  a c c u r a t e  d a t a  f rom human c a s e s ,  
and  t h i s  h i g h l i g h t s  t h e  n e e d  f o r  p r e c i s e  e x a m i n a t i o n  o f  t h e  
mnemonic e f f e c t s  o f  d i e n c e p h a l i c  l e s i o n s  i n  a n i m a l s .
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Human c a s e s  o f  s u r g i c a l l y - i n d u c e d  d i e n c e p h a l i c  
a m n e s i a  a r e  r a r e ,  a nd  l i t t l e  k no wl ed ge  h a s  b e e n  g a i n e d  f rom 
t h i s  s o u r c e  a s  co mpar ed  w i t h  t e m p o r a l  l o b e  a m n e s i a .  I t  i s ,  
i n  a ny  c a s e ,  a  h i g h l y  u n d e s i r a b l e  b y - p r o d u c t  o f  n e u r o s u r g e r y  
and  u n l i k e l y  t o  b e  r e p r o d u c e d  d e l i b e r a t e l y .  A c c i d e n t a l  
b r a i n - d a m a g e  h a s  s u p p l i e d  some d a t a ,  b u t  c a s e s  o f  
c i r c u m s c r i b e d  t r a u m a  l e s i o n s  c a u s i n g  a m n e s i a  a r e  r a r e .  More 
i n f o r m a t i o n  h a s  b e e n  g a i n e d  f rom l e s i o n s  c a u s e d  by d i s e a s e  
p r o c e s s e s  w h i c h  h a v e  l e d  t o  a m n e s i a ,  s u c h  a s  t u m o u r s  and  
i n f a r c t i o n .  However ,  t h e  g r e a t e s t  c a u s e  o f  d i e n c e p h a l i c  
a m n e s i a  and  a l s o  t h e  b e s t - s t u d i e d  i s  K o r s a k o f f ' s  s y nd r o m e .  
The a m n e s i a  c a u s e d  by K o r s a k o f f ' s  s yndrome  i s  u s e f u l  t o  t h e  
s t u d y  o f  memory b e c a u s e ,  i n  many c a s e s ,  i t  i s  r e l a t i v e l y  
s e l e c t i v e ,  l e a v i n g  t h e  i n t e l l e c t  v i r t u a l l y  i n t a c t .
1 . 4  E v i d e n c e  f rom  C a s e s  o f  H"man D i e n c e p h a l i c  Amnesia
1 . 4 . 1  K o r s a k o f f ' s  Syndrome 
K o r s a k o f f ' s  s yn dr ome  i s  a  sympt om- comp lex  r e l a t e d  t o  
v i t a m i n  d e f i c i e n c y  c a u s i n g  w i d e s p r e a d  d e g e n e r a t i o n  o f  t h e  
b r a i n .  The t h a l a m u s  and  m a m m i l l a r y  b o d i e s  a r e  mo s t  commonly 
s u b j e c t  t o  some damage i n  K o r s a k o f f ' s  s y nd r o m e .
In  1 887 ,  K o r s a k o f f ,  a  n i n e t e e n t h  c e n t u r y  R u s s i a n  
p h y s i c i a n ,  f i r s t  d e s c r i b e d  t h i s  syndrome  i n  c a s e s  o f  u t e r i n e  
i n f e c t i o n ,  p u e r p e r a l  s e p t i c a e m i a ,  t y p h u s ,  t u b e r c u l o s i s .
— 8—
d i a b e t e s  m e l l i t u s  and  c a s e s  o f  p o i s o n i n g  by a r s e n i c ,  l e a d  
c a r b o n  mono xi de  a nd  e r g o t .  However ,  d u r i n g  h i s  s t u d i e s  o f  
t h e  syndrome' ,  m os t  o f  h i s  e v i d e n c e  came f ro m c a u s e s  o f  
c h r o n i c  a l c o h o l i s m ,  w h i c h  i s  s t i l l  t h e  c a s e  t o d a y .
Gudden ,  i n  1896 ,  l i n k e d  K o r s a k o f f ' s  f i n d i n g s  w i t h  
t h e  n e u r o p a t h o l o g y  o f  two c h r o n i c  a l o h o l i c s  and  one  c a s e  o f  
s u l p h u r i c  a c i d  p o i s o n i n g  d e s c r i b e d  by W e r n i c k e  i n  1881 .  The 
t e r m  " W e r n i c k e - K o r s a k o f f  synd ro me"  i s  s o m e t i m e s  u s e d  b e c a u s e  
o f  t h i s  a s s o c i a t i o n ,  b u t  g e n e r a l l y  K o r s a k o f f ' s  s yndrome  o r  
p s y c h o s i s  i s  d i s t i n g u i s h e d  a s  b e i n g  t h e  c h r o n i c a l l y  a m n e s i c  
fo rm o f  t h e  s y n d r o m e .  K o r s a k o f f  d e s c r i b e d  p a t i e n t s  w i t h  " a  
d e r a n g e m e n t  o f  memory a nd  o f  t h e  a s s o c i a t i o n  o f  i d e a s "  
( V i c t o r  and  Y a k o v l e v ,  1955 ,  p . 3 9 6 ) .
K o r s a k o f f ' s  s yndrome  h a s  l o n g  b e e n  l i n k e d  w i t h  
t h i a m i n e  ( v i t a m i n  B l )  d e f i c i e n c y  w h i c h  c a n  c a u s e  a l o n g - t e r m  
i n a b i l i t y  t o  m e t a b o l i s e  g l u c o s e ,  r e s u l t i n g  i n  a d i s t i n c t i v e ,  
w i d e s p r e a d  b r a i n - t i s s u e  d e g e n e r a t i o n .  The s o r t  o f  
p r o l o n g e d  and  s e v e r e  t h i a m i n e  d e f i c i e n c y  r e q u i r e d  t o  p r o d u c e  
t h i s  s t a t e  i s  u s u a l l y  f o u n d  i n  c h r o n i c  a l c o h o l i c s ,  whose  
g e n e r a l  m a l n u t r i t i o n  co mb i ne s  w i t h  t h e  r e d u c e d  a b i l i t y  o f  
t h e  g u t  t o  a b s o r b  t h i a m i n e  i n  t h e  p r e s e n c e  o f  a l c o h o l .
T h a t  t h e  syndrome i s  r e l a t i v e l y  common c a n  be  s e e n  
by h o s p i t a l s  i n  u r b a n  a r e a s  w i t h  l a r g e  p o p u l a t i o n s  o f  
a l c o h o l i c s  r e p o r t i n g  d i a g n o s i s  r a t e s  a s  h i g h  a s  one per 
t h o u s a n d  a d m i s s i o n s  ( K a l a t ,  1 9 8 4 ) .  E n l a r g e d  v e n t r i c l e s  a r e  
f o u n d  on pathological examinations in fifty to one h u n d r e d
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p e r  c e n t  o f  a l c o h o l i c s  ( P a r s o n s  and P r i g a t a n o ,  1 9 7 7 ) .
The r e l a t i o n s h i p  b e t w e e n  c h r o n i c  a l c o h o l  i n t a k e ,  
t h i a m i n e - d e f i c i e n c y  and  l e a r n i n g  i m p a i r m e n t s  h a s  b e e n  
d e m o n s t r a t e d  i n  r a t s  by I r l e  and  M a r k o w i t s c h  ( 1 9 8 3 b ) ,  and  a 
K o r s a k o f f - l i k e  a n t e r o g r a d e  a m n e s i a  h a s  b e e n  i n d u c e d  i n  
t h i a m i n e - d e p r i v e d  monkeys  by W i t t  and  G o l d m a n - R a k i c  ( 1 9 8 3 a  & 
b).
The a n a t o m i c a l  and  b e h a v i o u r a l  e f f e c t s  o f  t h e  
s yndrome  a r e ,  h o w e v e r ,  c o n t r o v e r s i a l .  Memory i m p a i r m e n t s  a r e  
t h e  m a i n  symptom; o t h e r  symptoms w h i c h  a r e  n o t  
m e m o r y - r e l a t e d  b e i n g  g e n e r a l  i n e r t n e s s  and  a p a t h y ,  and  m i n o r  
d e f i c i t s  i n  p e r c e p t u a l  and  c o n c e p t u a l  f u n c t i o n s .  V i c t o r ,  
Adams,  and  C o l l i n s  ( 1 9 7 1 )  d i s t i n g u i s h  K o r s a k o f f ' s  p s y c h o s i s  
a s  a f f e c t i n g  memory d i s p r o p o r t i o n a t e l y ,  w h i l s t  l e a v i n g  o t h e r  
a r e a s  o f  b r a i n  f u n c t i o n i n g  r e l a t i v e l y  c l e a r .
S i n c e  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y  f o u r  ' c a r d i n a l  
e l e m e n t s '  o f  K o r s a k o f f ' s  syndrome  h a v e  b e e n  r e c o g n i z e d  i n  
r e l a t i o n  t o  memory d e f i c i t s .  I n  o r d e r  o f  t h e i r  r e l a t i v e  
f r e q u e n c y  o f  o c c u r r e n c e  t h e s e  a r e  a n t e r o g r a d e  a m n e s i a ,  
r e t r o g r a d e  a m n e s i a ,  d i s o r i e n t a t i o n  i n  s p a c e  and t i m e ,  and  
c o n f  a b u l a t  i o n .
The a n t e r o g r a d e  a m n e s i a  e l e m e n t  was f i r s t  n o t e d  by 
K o r s a k o f f  h i m s e l f ,  and  i s  t h e  mos t  i n t e r e s t i n g  f o r  t h e  
p u r p o s e s  o f  t h i s  s t u d y ,  b e i n g  a m e n a b l e  t o  s t u d y  i n  a n i m a l s .  
However ,  r e t r o g r a d e  a m n e s i a  d o e s  o c c u r  i n  K o r s a k o f f  s u b j e c t s  
and  i n  some c a s e s  t h e  a m n e s i a  c o v e r s  a l m o s t  t h e i r  e n t i r e
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a d u l t  l i v e s  ( K a l a t , 1 9 8 4 ) .
D i s o r i e n t a t i o n  i n  s p a c e  a nd  t i m e  i s  a  memory 
d y s f u n c t i o n  s o m e t i m e s  n o t e d  i n  t h e  syndrome  and  t a k e s  t h e  
f o rm o f  a n  u p s e t t i n g  o f  t h e  c h r o n o l o g i c a l  o r d e r  o f  e v e n t s .
C o n f a b u l a t i o n ,  t h e  t e n d e n c y  t o  i n v e n t  o r  i m p r o v i s e  
e v e n t s  a n d  t o  s u b s t i t u t e  them f o r  g a p s  i n  memory,  i s  a l s o  a  
f e a t u r e  s o m e t i m e s  f o u n d  i n  K o r s a k o f f ' s  s y n d r o m e .  F a u l t y  
r e c o g n i t i o n  o f  p e o p l e  i s  a l s o  o f t e n  i n v o l v e d  i n  s u c h  
c o n f a b u l a t i o n .
S t u d i e s  o f  K o r s a k o f f  s u b j e c t s  u s i n g  t e s t s  a n a l o g o u s  
t o  a n i m a l  s t u d i e s  o f  memory h a v e  shown i m p a i r m e n t s  i n  b o t h  
s p a t i a l  ( O s c a r - B e r m a n  & Z o l a - M o r g a n ,  1980;  O s c a r - B e r m a n ,  
Z o l a - M o r g a n ,  O b e r g ,  & B o n n e r ,  1982)  and  n o n - s p a t i a l  t a s k s  
( A g g l e t o n ,  N i c o l ,  H u s t o n ,  & F a i r b a i r n ,  1987 ;  O s c a r - B e r m a n  & 
B o n n e r ,  1985 & 1 9 8 9 ) .
P r e c i s e l y  wh i ch  b r a i n  s t r u c t u r e s  a r e  mo s t  c r i t i c a l l y  
a f f e c t e d  i n  K o r s a k o f f ' s  syndrome i s  i m p o r t a n t  t o  t h e  s t u d y  
o f  memory and  h a s  b e e n  much r e s e a r c h e d .  Damage t o  t h e  
m a m m i l l a r y  b o d i e s  and  t h e  m e d i o d o r s a l  t h a l a m i c  n u c l e i  was 
n o t e d  i n  K o r s a k o f f  p a t i e n t s  a s  l o n g  ago a s  1896 by Gudden 
who d e s c r i b e d  s h r i n k a g e ,  l o s s  o f  c e l l s ,  and  g l i o s i s  a t  t h e s e  
l o c a t i o n s .  The r e l a t i v e  i m p o r t a n c e  o f  t h e s e  s t r u c t u r e s ,  
t h o u g h  much d i s p u t e d  o v e r  t h e  y e a r s ,  r e m a i n s  u n c o n c l u d e d .
T r a d i t i o n a l l y ,  t h e  a s s u m p t i o n  h a s  b e e n  t h a t  
m a m m i l l a r y  body  damage i s  t h e  p r e - e m i n e n t l y  i m p o r t a n t  f a c t o r  
i n  t h e  s y n d r o m e ,  b a s e d  on a  number  o f  r e l a t i v e l y  e a r l y
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s t u d i e s  w h i c h  s t r e s s  t h e i r  i m p o r t a n c e  ( e . g .  Bene dek  and  
J u b a ,  1944;  D e l a y ,  B r i o n ,  & E l i s s a l d e ,  19 58a ;  G r u n e r ,  1956;  
Malamud and  S k i l l i c o r n ,  1956;  O r t h n e r ,  1957;  Remy, 1 9 4 2 ) .  
However ,  t h e s e  s t u d i e s  c o u l d  be  c r i t i c i s e d  i n  t h a t  t h e y  
t e n d e d  t o  b a s e  t h e i r  o b s e r v a t i o n s  o f  m a m m i l l a r y  body damage 
on g r o s s  p a t h o l o g i c a l  c h a n g e s  v i s i b l e  t o  t h e  n a k e d  e y e ,  
w h i ch  c o u l d  b e  m i s l e a d i n g .  T h i s  i s  i l l u s t r a t e d  by D e l a y  e t  
a l ' 8 ( 1 9 5 8 a )  d e s c r i p t i o n  o f  m a m m i l l a r y  b o d i e s  a p p e a r i n g
a t r o p h i c  and  y e l l o w ,  y e t  on m i c r o s c o p i c  a n a l y s i s  t h e y  f o u n d  
l o s s  o f  n e u r o n e s  t o  be o n l y  s l i g h t .
C r a v i o t o ,  K o r e i n ,  and  S i l b e r m a n  ( 1 9 6 1 )  s t r e s s  t h e  
i m p o r t a n c e  o f  t h e  m a m m i l l a r y  b o d i e s  i n  t h e i r  s t u d y  o f  28 
c a s e s ,  a l l  o f  w h i ch  showed b i l a t e r a l  m a m m i l l a r y  body  
c h a n g e s ,  and  h a l f  o f  w h i c h  wer e  g r o s s  l e s i o n s .  However ,  o f  
t h e  22 b r a i n s  w h i ch  we r e  ex am in ed  m i c r o s c o p i c a l l y ,  
c o n s i s t e n t  t h a l a m i c  damage was f o u n d  i n  a l l  o f  them,  
p a r t i c u l a r l y  i n  t h e  a n t e r i o r  n u c l e a r  g r o u p .
The l a r g e - s c a l e  and  a u t h o r a t a t i v e  s t u d y  o f  V i c t o r  e t  
a l  ( 1 9 7 1 )  a l s o  f o u n d  l i t t l e  e v i d e n c e  o f  g r o s s  p a t h o l o g i c a l
l e s i o n s  i n  t h e  t h a l a m u s ,  b u t  m a m m i l l a r y  body  l e s i o n s  wer e
a p p a r e n t  t o  t h e  n a k e d  eye  i n  74 p e r  c e n t  o f  c a s e s .  However ,  
d e s p i t e  t h e s e  g r o s s  p a t h o l o g i c a l  f i n d i n g s ,  t h e i r  s t u d y
p r o v i d e s  t h e  mo s t  w i d e l y  a c c e p t e d  e v i d e n c e  f o r  t h e
p r e d o m i n a n t  i n v o l v e m e n t  o f  t h e  t h a l a m u s  and  p a r t i e u l a r l y  t h e  
m e d i o d o r s a l  n u c l e u s .  Over  80 p e r  c e n t  o f  t h e  K o r s a k o f f  
p a t i e n t s  e x a m i n e d  p o s t - m o r t e m  showed c h a n g e s  i n  t h e  t h a l a m u s
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when t h i s  was e x am i ne d  m i c r o s c o p i c a l l y .  Of t h e s e  c a s e s ,
8 8 . 4  p e r  c e n t  h ad  l e s i o n s  o f  t h e  m e d i o d o r s a l  n u c l e u s ,  
p r i n c i p a l l y  i n  t h e  m a g n o c e l l u l a r  p o r t i o n ,  and  85 p e r  c e n t  
l e s i o n s  o f  t h e  m e d i a l  p u l v i n a r  n u c l e u s .  The a u t h o r s  n o t e d  
t h e  amb i gu ou s  b o u n d a r y  b e t w e e n  t h e s e  two n u c l e i ,  b u t  i m p l i e d  
t h a t  t h e  l e s i o n s  o f  t h e  l a t t e r  c o n s t i t u t e d  an e x t e n s i o n  o f  
t h o s e  o f  t h e  f o r m e r .  I n  f a c t ,  MD was a f f e c t e d  i n  e v e r y  c a s e  
o f  t h a l a m i c  i n v o l v e m e n t ,  and  i n  20 p e r  c e n t  o f  t h e s e  c a s e s  
i t  was t h e  o n l y  t h a l a m i c  n u c l e u s  f o u n d  t o  be  i n v o l v e d .
A l t h o u g h  t h e  a u t h o r s  d i d  n o t  c l a i m  t o  d e c i d e  w i t h  
c e r t a i n t y  w h i c h  s t r u c t u r e  was p r e - e m i n e n t l y  c r i t i c a l  i n  
memory f u n c t i o n  b e t w e e n  t h e  m a m m i l l a r y  b o d i e s ,  t h e  
m e d i o d o r s a l  n u c l e u s ,  and  t h e  m e d i a l  p u l v i n a r  n u c l e u s ,  t h e y  
d i d  p r o v i d e  s t r o n g  e v i d e n c e  i n  f a v o u r  o f  t h e  m e d i o d o r s a l  
n u c l e u s  a s  f o l l o w s .
Of t h e  43 b r a i n s  e xa mi n ed  p o s t - m o r t e m  i n  t h e  
s t u d y ,  o n l y  f i v e  we r e  f o u n d  w i t h  no c h a n g e  i n  t h e  
m e d i o d o r s a l  n u c l e i .  T h e s e  wer e  a l s o  t h e  o n l y  f i v e  c a s e s  
w h i c h  i n  l i f e  h ad  shown no memory d e f e c t  b u t  o n l y  symptoms 
o f  W e r n i c k e ' s  d i s e a s e .  The m a m m i l l a r y  b o d i e s  we r e  a f f e c t e d  
i n  a l l  f i v e  c a s e s .  The a u t h o r s  c o n c l u d e  t h a t  t h e  m a m m i l l a r y  
b o d i e s  may b e  s i g n i f i c a n t l y  a f f e c t e d  i n  c a s e s  w h er e  t h e r e  i s  
no memory d e f e c t .  They sum up by s t a t i n g  t h e i r  b e l i e f  t h a t  
t h e  a m n e s i c  d e f e c t  i s  r e l a t e d  t o  l e s i o n s  i n  t h e  
d i e n c e p h a l o n ,  s p e c i f i c a l l y  i n  t h e  m e d i a l  d o r s a l  n u c l e i  and  
p o s s i b l y  i n  t h e  m e d i a l  p u l v i n a r .
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I t  seems r e a s o n a b l e  t h e n  t o  c o n c l u d e  t h a t  w i t h i n  t h e  
c o n s i d e r a b l e  e x p e r i m e n t a l  c o n s t r a i n t s  o f  human s t u d i e s ,  
a n a t o m i c a l  e x a m i n a t i o n s  o f  t h e  b r a i n s  o f  K o r s a k o f f  p a t i e n t s  
c a n  i n d i c a t e  a p l a u s i b l e  l i n k  b e t w e e n  memory f u n c t i o n  and  
t h e  t h a l a m u s ,  and  w i t h i n  t h e  t h a l a m u s  mos t  s t r o n g l y  t h e  
m e d i o d o r s a l  n u c l e u s .
1 . 4 . 2  O t h e r  T h a l a m i c  Damage
1 . 4 . 2 . 1  Tumours
The d i s t u r b a n c e s  o f  memory,  o f t e n  d e s c r i b e d  a s  
K o r s a k o f f - 1 i k e  symptoms ,  a s s o c i a t e d  w i t h  t u m o ur o us  g r o w t h s  
i n  t h e  d i e n c e p h a l o n  h a v e  b e e n  u s e d  t o  p r o v i d e  e v i d e n c e  o f  
t h e  l i n k  b e t w e e n  memory and d i e n c e p h a l i c  s t r u c t u r e s .  I t  i s ,  
h o w e v e r ,  g e n e r a l l y  n o t e d  t h a t  t h e  e f f e c t s  o f  s u c h  g r o w t h s  
a r e  d i f f u s e  and  c a n n o t  be  d e s c r i b e d  w i t h  a n y t h i n g  l i k e  t h e  
p r e c i s i o n  o f  t h o s e  c a u s e d  by o t h e r  k i n d s  o f  damage ,  e . g .  
i s c h e m i c  d a m a g e . I t  i s  a l s o  r e c o g n i s e d  t h a t  t u mo u r s  c a n  
c a u s e  damage d i s t a l  f ro m t h e i r  s i t e  due  t o  t h e  s u r r o u n d i n g  
oedema t h e y  c r e a t e .  ( Mc Ent e e ,  B i b e r ,  P e r l ,  and  B e n s on ,  
1976)
A c c o r d i n g  t o  M a r k o w i t s c h  and P r i t z e l  ( 1 9 8 5 )  t u m o u rs  
o f  t h e  d o r s a l  m i d l i n e  s t r u c t u r e s  o f  t h e  t h a l a m u s  a r e  
f r e q u e n t l y  f o u n d  t o  be  t h e  c a u s e  o f  memory d i s t u r b a n c e s ;  
t h e i r  r emo va l  s o m e t i m e s  r e s u l t i n g  i n  c o m p l e t e  r e c o v e r y  o f
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memory f u n c t i o n .
A b i l a t e r a l  t h a l a m i c  t umour  w i t h  no m a m m i l l a r y  body  
i n v o l v e m e n t ,  b u t  u n f o r t u n a t e l y  no s p e c i f i c  d e s c r i p t i o n  o f  
t h a l a m i c  s t r u c t u r e s  i n v o l v e d ,  was r e p o r t e d  by S p r o f k i n  and  
S c i a r r a  ( 1 9 5 2 )  t o  be  a s s o c i a t e d  w i t h  a m n e s i c  symptoms .
McEntee  e t  a l  ( 1 9 7 6 )  d e s c r i b e d  a  c a s e  o f  a m n e s i a  
a s s o c i a t e d  w i t h  b i l a t e r a l  t umour  i n v a s i o n  o f  t h e  m e d i a l  and  
p o s t e r i o r  t h a l a m u s ,  i n c l u d i n g  t h e  m e d i o d o r s a l  n u c l e u s
w i t h o u t  c o n c o m i t a n t  i n v o l v e m e n t  o f  t h e  m a m m i l l a r y  b o d i e s  o r  
a n t e r i o r  t h a l a m u s .
Tumours  on t h e  f l o o r  a n d / o r  w a l l s  o f  t h e  t h i r d  
v e n t r i c l e  h a v e  l o n g  b e e n  i m p l i c a t e d  i n  memory d i s t u r b a n c e  
s y n d r o m e s .  W e i s e n b u r g ,  i n  1911 ,  r e v i e w e d  a  number  o f  c a s e s  
o f  memory d i s o r d e r s  and  c o n c l u d e d  t h a t  t h e  t h i r d  v e n t r i c l e  
tumour  was c a u s i n g  i n c r e a s e d  p r e s s u r e  on t h e  c e r e b r a l
c o r t e x ,  r a t h e r  t h a n  t h e  damage b e i n g  do ne  d i r e c t l y  t o  
d i e n c e p h a l i c  s t r u c t u r e s  ( B r i e r l e y ,  1 9 7 7 ) .
W i l l i a m s  and  P e n n y b a c k e r  ( 1 9 5 4 )  f o u n d  t h a t  t h i r d  
v e n t r i c l e  t u mo u r s  h a d  r e s u l t e d  i n  a m n e s i a  d ue  t o  i n c r e a s e d  
p r e s s u r e  on d i e n c e p h a l i c  s t r u c t u r e s .  A l t h o u g h  i t  i s  o f t e n  
a s sumed  t h a t  t h e  s t r u c t u r e s  mo s t  a f f e c t e d  by t h i s  p r e s s u r e  
a r e  t h e  m a m m i l l a r y  b o d i e s ,  t h e  n a t u r e  o f  v e n t r i c u l a r  
p r e s s u r e  d o e s  n o t  a p p e a r  t o  l e n d  i t s e l f  t o  s u c h
d i f f e r e n t i a t i o n ,  and  o t h e r  s t r u c t u r e s  b o r d e r i n g  on t h e  
v e n t r i c l e  may be  s i m i l a r l y  i m p l i c a t e d ,  i n c l u d i n g  t h e
t h a l a m u s .
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The s u r g i c a l  r e mo va l  o f  t u m o u r s  o f  t h e  d i e n c e p h a l o n  
i n  c a s e s  s h o w i ng  a m n e s i c  symptoms h a s  p r o d u c e d  e f f e c t s  on 
s u b s e q u e n t  memory p e r f o r m a n c e  v a r y i n g  f ro m c o m p l e t e  
r e s t i t u t i o n  t o  a w o r s e n i n g  o f  memory f u n c t i o n s  ( F o e r s t e r  
and  G a g e l ,  1934;  G e f f e n  e t  a l ,  1 9 8 0 ) .  W i l l i a m s  and  
P e n n y b a c k e r  ( 1 9 5 4 )  f o u n d  t h a t  a s p i r a t i o n  o f  f l u i d  f ro m t h e  
t h i r d  v e n t r i c l e  a s  w e l l  a s  t umour  r e m ov a l  r e s u l t e d  i n  
imp ro vemen t  i n  memory d e f e e t s ,  b u t  t h e  r e p o r t  o f  t h i s  i s  
p o o r l y  d o c u m e n t e d .
1 . 4 . 2 . 2  C i r c u l a t o r y  D i s t u r b a n c e s
A f t e r  damage c a u s e d  by c h r o n i c  a l c o h o l i s m ,  t h e  mos t  
f r e q u e n t  c a u s e  o f  d i e n c e p h a l i c  damage i s  d i s t u r b a n c e s  i n  
b l o o d  c i r c u l a t i o n  ( M a r k o w i t s c h  and  P r i t z e l ,  1 9 8 5 ) .  
O c c l u s i o n  o r  r u p t u r e  o f  m a j o r  a r t e r i e s  can  d i s t u r b  o r  
p r e v e n t  n o r m a l  m e t a b o l i s m  i n  t h e  p e r t i n e n t  b r a i n  a r e a ,  o f t e n  
c a u s i n g  w i d e s p r e a d  and  e n d u r i n g  a m n e s i c  s t a t e s .  I n  t h e  c a s e  
o f  t h a l a m i c  damage ,  t h e  r e l e v a n t  v e s s e l s  wou l d  be  t h e  
p a r a m e d i a n  t h a l a m i c  a r t e r i e s .
B i l a t e r a l  i n f a r c t s  c a u s e d  by a r t e r i a l  o c c l u s i o n  i n  
t h e  t h a l a m u s  a r e  u s u a l l y  a c c o m p a n i e d  by mnemonic 
d i s t u r b a n c e s .  I n  one  c a s e  a u n i l a t e r a l  i n f a r c t i o n  o f  t h e  
t h a l a m u s  showed s i g n s  o f  o n l y  v e r b a l  memory d e f i c i t  ( M i c h e l ,  
L a u r e n t ,  F o y a t i e r ,  B l a n c ,  and  P o r t a f a i x ,  1 9 8 2 ) .
Comput er  t o m o g r a p h y  s c a n s  ( e g  S p e e d i e  & H e i l m a n ,  
1982;  W i n o c u r ,  Oxb ur y ,  R o b e r t s ,  A g n e t t i ,  & Davis, 1984)  and
-16 —
more  r e c e n t l y  m a g n e t i c  r e s o n a n c e  i m a g i n g  t e c h n i q u e s  
( B o g o u s s l a v s k y  e t  a l  1988)  h a v e  a l l o w e d  s u c h  damage t o  t h e  
t h a l a m i c  n u c l e i  t o  be  i d e n t i f i e d  more  a c c u r a t e l y  T h e s e  a r e  
c a s e s  o f  r e s t r i c t e d  m e d i a l  t h a l a m i c  damage o f  i s c h e m i c  
o r i g i n  a s s o c i a t e d  w i t h  memory d i s t u r b a n c e s ,  and  we r e  b o t h  
u n i l a t e r a l  and  b i l a t e r a l .
The s t u d i e s  i n v o l v i n g  c a s e s  o f  u n i l a t e r a l  damage 
f a i l e d  t o  a g r e e  on t h e  q u e s t i o n  o f  l a t e r a l i z a t i o n ,  w i t h  o n l y  
some f i n d i n g  e v i d e n c e  o f  a  l i n k  b e t w e e n  v e r b a l  memory and  
damage t o  t h e  l e f t  t h a l a m u s .  One c a s e  ( S p e e d i e  and  H e i l m a n ,
1 9 8 2 ) ,  who h a d  a d i s c r e t e  l e s i o n  o f  t h e  l e f t  m e d i o d o r s a l  
n u c l e u s ,  h a d  an a n t e r o g r a d e  memory i m p a i r m e n t  f o r  v e r b a l  
m a t e r i a l .  T h i s  c a s e  was co mpar ed  w i t h  t h a t  o f  N . A . ,  t h e  
p a t i e n t  w i t h  a s t a b  wound i n  t h e  same l o c a t i o n  ( S q u i r e  & 
Moore ,  1 9 7 9 ) .  B e h a v i o u r a l  t e s t s  showed b o t h  c a s e s  t o  be  
b o t h  q u a n t i t i v e l y  and  q u a l i t a t i v e l y  s i m i l a r .
1 . 4 .  2 . 3  Trauma
T h a l a m i c  damage s u s t a i n e d  i n  a c c i d e n t s  c a n  h a v e  an 
e f f e c t  on memory;  memory d i s t u r b a n c e s  b e i n g  t h e  mos t  
f r e q u e n t l y  r e p o r t e d  b e h a v i o u r a l  c o n s e q u e n c e  o f  t r a u m a t i c  
b r a i n  l e s i o n s .  R e t r o g r a d e  a m n e s i a  i s  more  common i n  t r a u m a  
t h a n  damage c a u s e d  by t u m o u r s  o r  c i r c u l a t o r y  d i s t u r b a n c e s ,  
and  a  number  o f  c a s e s  h a v e  b e e n  d e s c r i b e d  wh er e  h e a d  
i n j u r i e s  h a v e  c a u s e d  symptoms p a r a l l e l i n g  t h o s e  o f  K o r s a k o f f  
p a t i e n t s .  ( M a r k o w i t s c h  a nd  P r i t z e l ,  1 9 8 5 . )  However ,  t h e
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n a t u r e  o f  mos t  h e a d  i n j u r i e s  makes  t h e  c o r r e l a t i o n  o f  memory 
f u n c t i o n s  w i t h  a r e l a t i v e l y  c i r c u m s c r i b e d  l e s i o n  d i f f i c u l t  
( B r i e r l e y ,  1 9 7 7 ) .  A w e l l - k n o w n  e x c e p t i o n  t o  t h i s  i s  c a s e  
N.A.
I n  196 0 ,  a t  t h e  a g e  o f  22 ,  t h i s  m u c h - s t u d i e d  p a t i e n t  
s u f f e r e d  a p p a r e n t l y  v e r y  l o c a l i z e d  d i e c e p h a l i c  damage a s  a 
r e s u l t  o f  a m i s h a p  w i t h  a m i n i a t u r e  f e n c i n g  f o i l .  The 
l o c a t i o n  o f  t h e  l e s i o n  was i d e n t i f i e d  i n  1978 by c o m p u t e r  
t o m o g r a p h y  s c a n  t o  be  i n  t h e  m e d i o d o r s a l  r e g i o n  o f  t h e  
l e f t  t h a l a m u s  ( S q u i r e  & Moore ,  1 9 7 9 ) .
The r e s u l t i n g  a n t e r o g r a d e  a m n e s i a  i s  m a r k e d l y  w o r s e  
f o r  v e r b a l  t h a n  f o r  n o n - v e r b a l  m a t e r i a l ,  a l t h o u g h  h i s  
i n t e l l e c t  r e m a i n s  h i g h  w i t h  an  IQ o f  124 .  I n  f a c t ,  he  h a s  
a c h i e v e d  h i g h e r  s c o r e s  t h a n  c o n t r o l  s u b j e c t s  i n  many 
p e r c e p t u a l  and  c o g n i t i v e  t a s k s  ( S q u i r e  and  Z o l a - M o r g a n ,
1 9 8 3 ) .  H i s  a m n e s i a  d i f f e r s  f ro m t h a t  o f  K o r s a k o f f  p a t i e n t s  
i n  t h a t  t h e r e  i s  a l m o s t  no r e t r o g r a d e  a m n e s i a ,  no i m p a i r m e n t  
i n  t a s k s  i n v o l v i n g  t h e  t e m p o r a l  o r d e r  o f  r e c e n t  e v e n t s ,  and 
he  i s  a b l e  t o  e x h i b i t  r e l e a s e  f rom  p r o a c t i v e  i n t e r f e r e n c e .  
( M a r k o w i t s c h  and  P r i t z e l ,  1 9 8 5 . )
However ,  a more  r e c e n t  s t u d y  ( S q u i r e ,  A m a r a l ,  
Z o l a - M o r g a n ,  K r i t c h e v s k y ,  & P r e s s ,  1987)  u s i n g  m a g n e t i c  
r e s o n a n c e  i m a g i n g  showed e v i d e n c e  o f  damage t o  a r e a s  o u t s i d e  
MD, i n c l u d i n g  n o t a b l y  t h e  m a m m i l l a r y  b o d i e s .  T h i s  f i n d i n g  
h i g h l i g h t s  t h e  d i f f i c u l t y  o f  u s i n g  much o f  t h e  human 
e v i d e n c e  w h i c h  i s  a v a i l a b l e .
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1 . 4 . 2 . 4  S u r g i c a l l y  I n d u c e d  L e s i o n s
A l t h o u g h  t h e r e  h a s  b e e n  a  s i g n i f i c a n t  number  o f  
s t u d i e s  o f  s u r g i c a l  t h a l a m i c  l e s i o n s  p e r f o r m e d  on human 
s u b j e c t s  f o r  c l i n i c a l  r e a s o n s ,  i n f o r m a t i o n  on t h e  mnemonic 
e f f e c t s  o f  t h e s e  i n t e r v e n t i o n s  i s  r a r e .  T h e r e  a r e  s e v e r a l  
r e a s o n s  f o r  c r e a t i n g  s u c h  l e s i o n s ,  e . g .  p a i n - r e l i e f ,  c o n t r o l  
o f  a g g r e s s i v e  b e h a v i o u r ,  c o n t r o l  o f  e p i l e p s y  ( M a r k o w i t s c h  
and  P r i t z e l ,  1 9 8 5 ) .  As t h e s e  a r e  a t t e m p t s  t o  m o d i f y  t h e  
e m o t i o n a l  b e h a v i o u r  o f  i n d i v i d u a l s ,  t h e  p o s t - o p e r a t i v e  
e f f e c t s  on memory a r e  n o t  t h e  p r i m a r y  b e h a v i o u r a l  s t u d y .  
F u r t h e r m o r e ,  t h e  f a c t  mu s t  be  n o t e d  t h a t  s u c h  s u r g e r y  i s  
c o n f i n e d  t o  p a t i e n t s  whose  a b no r ma l  b e h a v i o u r  h a s  b e e n  
a t t r i b u t e d  t o  a b no r m a l  b r a i n  a c t i v i t y .  T h i s  makes  
i n t e r p r e t a t i o n  o f  any  d a t a  t h u s  g a i n e d  d i f f i c u l t  t o  a p p l y  t o  
any  g e n e r a l  t h e o r y  o f  t h a l a m i c  memory f u n c t i o n .
Of t h o s e  s t u d i e s  w h i c h  h a v e  n o t e d  a m n e s i c  e f f e c t s  
a f t e r  l e s i o n s  o f  MD, S p i e g e l ,  Wy c i s ,  O r c h i n i k ,  and  F r e e d  
( 1 9 5 5 ,  1956)  p r o v i d e  a l i t t l e  e v i d e n c e  o f  a s i m i l a r i t y  t o
K o r s a k o f f ' s  s y n d r o m e .  They d e s c r i b e  a  t e m p o r a l  
d i s o r i e n t a t i o n  ( c h r o n o t a r a x i s ) s i m i l a r  i n  some r e s p e c t s  t o  
K o r s a k o f f ' s  s y n d r o m e ,  b u t  d i f f e r i n g  s i g n i f i c a n t l y  i n  i t s  
d u r a t i o n .  The symptom l a s t e d  g e n e r a l l y  f o r  a  few d a y s  o r  
weeks  w i t h  o n l y  one  c a s e  l a s t i n g  f o r  s i x  m o n t h s .  The 
l o c a t i o n  o f  t h e s e  l e s i o n s  a l s o  r e m a i n s  t o  be  c o n f i r m e d .
T h e r e  i s  e v e n  l e s s  e v i d e n c e  f o r  t h e  i n v o l v e m e n t  o f
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t h e  a n t e r i o r  n u c l e a r  g r o u p  f ro m human l e s i o n  c a s e s .  
B r i e r l e y  ( 1 9 7 7 )  s t a t e s  h i s  o p i n i o n  t h a t  no s u c h  l e s i o n s ,  
e i t h e r  s u r g i c a l  o r  t u m o u r o u s ,  h a v e  b e e n  shown t o  c o r r e l a t e  
w i t h  a t r u e  a m n e s i a .  M a r k o w i t s c h  and  P r i t z e l  ( 1 9 85 )  
s u g g e s t ,  h o w e v e r ,  t h a t  l a s t i n g  i m p a i r m e n t s  a r e  f o u n d  when 
l e s i o n s  a r e  made i n  p a t i e n t s  w i t h  o t h e r  e x i s t i n g  damage t o  
t h e  c e n t r a l  n e r v o u s  s y s t e m  e . g .  P a r k i n s o n ' s  d i s e a s e .
1 . 5  Animal  E v i d e n c e
B e c a u s e  o f  t h e  d i f f i c u l t i e s  and  l i m i t a t i o n s  o f  u s i n g
p u r e l y  human d a t a  f o r  t h e  s t u d y  o f  memory s y s t e m s ,  a n i m a l s ,
and  e s p e c i a l l y  non- human  mammals,  h a v e  b e e n  u s e d  i n  t h e  
a t t e m p t  t o  d e v e l o p  m o d e l s  f o r  human a m n e s i c  s y n d r o m e s .  As 
human s t u d i e s  o f  memory h a v e  made g r e a t  u s e  o f  memory l o s s e s  
a nd  d e f i c i t s  t o  i n f e r  t h e  e x i s t e n c e  and  m o r p h o l o g y  o f  memory 
m e c h a n i s m s ,  a n i m a l  s t u d i e s  h a v e  b e e n  n e e d e d  t o  e s t a b l i s h  t h e  
n e c e s s a r y  and  s u f f i c i e n t  c o n d i t i o n s  u n d e r  wh i c h  t h e  c l i n i c a l  
s y n d ro m es  o c c u r .  I n  t h i s  way t h e  memory s y s t e m s  and 
i n t e r - r e l a t i o n s h i p s  o f  a n a t o m i c a l  s t r u c t u r e s  a p p a r e n t  i n  man 
may b e  p a r a l l e l e d ,  t e s t e d  and  p o s s i b l y  c o n f i r m e d .
The m a i n  l i m i t a t i o n  o f  u s i n g  human a m n e s i c  p a t i e n t s
i n  t h e  s t u d y  o f  memory i s  t h a t ,  f o r  o b v i o u s  e t h i c a l  r e a s o n s ,
t h e  t h e r a p u t i c  b e n e f i t  t o  t h e  i n d i v i d u a l  a l w a y s  h a s  t o  t a k e  
p r e c e d e n c e  o v e r  t h e  g a i n i n g  o f  u s e f u l  d a t a ,  e ve n  t h o u g h  t h i s
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may a s s i s t  i n  t h e  u n d e r s t a n d i n g  o f  t h e  o v e r a l l  p r o b l e m  and 
u l t i m a t e l y  be  more  u s e f u l  i n  f u t u r e  t h e r a p y  ( O l t o h ,  1 9 8 5 ) .  
A n i m a l s  a r e  t h e r e f o r e  u s e d  t o  g a i n  p r e c i s e  k n ow l ed ge  
r e l a t i v e l y  r a p i d l y .
O t h e r  d i f f i c u l t i e s  e n c o u n t e r e d  i n  human s t u d i e s  
i n c l u d e  t h e  s i z e  o f  s a m p l e  g r o u p s  a v a i l a b l e  t o  t h e  
e x p e r i m e n t e r ,  t h e  n e c e s s a r i l y  l o n g  d e l a y  i n  o b t a i n i n g  
p a t h o l o g i c a l  d a t a ,  t h e  r e l a t i v e l y  u n c i r c u m s c r i b e d  n a t u r e  o f  
n o n - d e l i b e r a t e l y  i n d u c e d  l e s i o n s ,  and  t h e  i n t e r f e r e n c e  o f  
o t h e r  f a c t o r s  i n  c l i n i c a l  s u b j e c t s .
A l t h o u g h  i n v e r t e b r a t e s  a r e  o f t e n  u s e d  t o  s t u d y  
n e u r a l  me cha n i s ms  a t  t h e  c e l l u l a r  l e v e l ,  and  t o  b u i l d  up 
' p h y l o g e n e t i c  t r e n d s '  ( M a r k o w i t s c h  and  P r i t z e l ,  1985)  i n  
o r d e r  t o  i n f e r  t h e  human s i t u a t i o n ,  non-human mammals a r e  
a l m o s t  e x c l u s i v e l y  u s e d  t o  p r o d u c e  m o d e l s  o f  human memory.
D e s p i t e  t h e  l o n g  h i s t o r y  o f  memory s t u d i e s  u s i n g  
a n i m a l s ,  i t  i s  o n l y  q u i t e  r e c e n t l y  t h a t  r e l i a b l e  and  
a p p r o p r i a t e  m e t h o d s  o f  memory t e s t i n g  h a v e  b e e n  d e v e l o p e d  
w h i c h  e n a b l e  a n i m a l  m o d e l s  t o  y i e l d  t h e  k i n d  o f  v a l u a b l e  
k no w l ed g e  wh i c h  t h e y  now p r o v i d e  ( S q u i r e  & Z o l a - M o r g a n ,  
1 9 8 5 ) .
R e g a r d i n g  t h e  c o n t r o v e r s y  o f  t h e  r e l a t i v e  i m p o r t a n c e  
o f  t h a l a m i c  n u c l e i  v e r s u s  m a m m i l l a r y  b o d i e s ,  V i c t o r  e t  a l  
( 1 9 7 1 )  r e v i e w e d  some o f  t h e  a n i m a l  e x p e r i m e n t a l  l i t e r a t u r e .  
A f t e r  p o i n t i n g  o u t  t h e  d i f f i c u l t y  o f  d i r e c t l y  e q u a t i n g  
a n i m a l  b e h a v i o u r  a f t e r  b r a i n  lesions with human b e h a v i o u r  i n
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K o r s a k o f f ' s  s y nd r o m e ,  t h e y  c a u t i o u s l y  s u g g e s t  t h a t  a n i m a l  
s t u d i e s  do b e a r  o u t  t h e i r  c o n c l u s i o n  i n  humans t h a t  t h e  
t h a l a m i c  n u c l e i ,  e s p e c i a l l y  t h e  m e d i o d o r s a l ,  a r e  o f  p r i m a r y  
i m p o r t a n c e .  They go on t o  p o i n t  o u t  t h a t  m a m m i l l a r y  body 
l e s i o n s  p r o d u c e  v e r y  v a r i a b l e  b e h a v i o u r a l  r e s u l t s  d e p e n d i n g  
on t h e  t y p e  o f  memory t a s k  u s e d ,  and  t h a t  l e s i o n s  o f  t h e  
t h a l a m i c  n u c l e i  mus t  be  b i l a t e r a l  and  v i r t u a l l y  c o m p l e t e  i n  
a n i m a l s .  T h i s  l a t t e r  p o i n t  i s  a l s o  made by S q u i r e  and  
Z o l a - M o r g a n  ( 1 9 8 3 ) ,  and  S t o k e s  and  B e s t  ( 1 9 9 0 c ) .
The f i n d i n g  t h a t  a s p i r a t i o n  o r  r a d i o f r e q u e n c y  
l e s i o n s  o f  MD i n  t h e  monkey c an  d i s r u p t  t a s k s  s u c h  a s  
d e l a y e d  r e s p o n s e  ( I s s e r o f f ,  R o s v o l d ,  G a l k i n ,  & 
G o l d m a n - R a k i c , 1 9 8 2 ) ,  d e l a y e d  n o n m a t c h i n g - t o - s a m p 1e
( A g g l e t o n  & M i s h k i n  19 83 a ;  A g g l e t o n  & M i s h k i n ,  1983b;  
Z o l a - M o r g a n  & S q u i r e  1985)  and  d e l a y e d  a l t e r n a t i o n  
( I s s e r o f f  e t  a l . ,  1982)  h a s  b e e n  i n t e r p r e t e d  a s  c o n s i s t e n t  
w i t h  t h e  s u p p o s e d  c o n t r i b u t i o n  o f  MD damage t o  human 
d i e n c e p h a l i c  a m n e s i a .
A l a r g e r  number  o f  s t u d i e s  h a v e  u s e d  r a t s  t o  
m e a s u r e  t h e  e f f e c t s  o f  l e s i o n s  i n  MD on t e s t s  o f  l e a r n i n g  
and  memory.  The e f f e c t s  o f  c o n v e n t i o n a l  ( r a d i o  
f r e q u e n c y / e l e c t r o l y t i c )  l e s i o n s  h a v e ,  h o w e v e r ,  b e e n  
i n c o n s i s t e n t .  S i g n i f i c a n t  i m p a i r m e n t s  h a v e  b e e n  r e p o r t e d  
f o r  t h e  r e - a c q u i s i t i o n  o f  t h e  r a d i a l  arm maze t a s k  ( S t o k e s  & 
B e s t ,  1 9 8 8 ) ,  s p o n t a n e o u s  s p a t i a l  a l t e r n a t i o n  ( Wei ss  & 
Means ,  1 9 8 0 ) ,  r e i n f o r c e d  s p a t i a l  alternation ( V i c e d o m i n i ,
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C o r w i n ,  & Nonneman,  1982)  and  g o / n o - g o  a l t e r n a t i o n  
( W i n o c u r ,  1 9 8 5 ) ,  w h i l e  l e s s  c l e a r - c u t  i m p a i r m e n t s  h av e  a l s o  
b e e n  r e p o r t e d  f o r  s p a t i a l  a l t e r n a t i o n  ( B r i t o ,  Thomas,  D a v i s ,  
& G i n g o l d ,  1982)  and  s p a t i a l  r e v e r s a l  t a s k s  (Means ,  H e r s h e y ,  
W a t e r h o u s e ,  & L a n e ,  1 9 7 5 ) .  I n  c o n t r a s t ,  o t h e r  s t u d i e s  h a v e  
p r o v i d e d  e v i d e n c e  t h a t  MD l e s i o n s  do n o t  a f f e c t  p e r f o r m a n c e  
on t a s k s  s u c h  a s  s p a t i a l  a l t e r n a t i o n  ( G r e e n e  & N a r a n j o ,  
1986;  T i g n e r ,  1 9 7 4 ) ,  t h e  M o r r i s  w a t e r  maze ,  and  t h e  r a d i a l  
arm maze ( K o l b ,  P i t t m a n ,  S u t h e r l a n d ,  & Whishaw,  1 9 8 2 ) .
One p r o b l e m  i n  t h e  i n t e r p r e t a t i o n  o f  t h e s e  
c o n f l i c t i n g  r e s u l t s  i s  t h a t  c o n v e n t i o n a l  s u r g i c a l  
t e c h n i q u e s  damage f i b r e s  o f  p a s s a g e  a s  w e l l  a s  n e u r o n s  
l o c a t e d  i n  t h e  n u c l e u s . .  T h i s  p r o b l e m  i s  o f  p a r t i c u l a r  
c o n c e r n  f o r  a  s u b c o r t i c a l  n u c l e u s  l i k e  MD wh i ch  n o t  o n l y  
c o n t a i n s  many f i b r e s  o f  p a s s a g e  b u t  i s  a l s o  b o u n de d  by a 
m a j o r  f i b r e  p a t h w a y ,  t h e  i n t e r n a l  m e d u l l a r y  l a m i n a .  I t  i s  
t h e r e f o r e  p o s s i b l e  t h a t  s m a l l  d i f f e r e n c e s  i n  l e s i o n  l o c u s  
and  e x t e n t  c o u l d  h a v e  m ar k ed  b e h a v i o u r a l  c o n s e q u e n c e s .  For  
t h e s e  r e a s o n s  t h e  ou t co me  o f  t h e  few s t u d i e s  t h a t  h a v e  u s e d  
n e u r o t o x i n s  w h i c h  h e l p  s p a r e  f i b r e s  o f  p a s s a g e  ( S c w a r c z ,  
H o k f e l t ,  F u x e ,  J o n s s o n ,  G o l d s t e i n ,  & T e r e n i u s ,  1979)  may be 
o f  p a r t i c u l a r  i n t e r e s t .  U n f o r t u n a t e l y  s u c h  s t u d i e s  h a v e  so 
f a r  a l s o  p r o v e d  i n c o n s i s t e n t ,  w i t h  r e p o r t s  o f  no r ma l  
p e r f o r m a n c e  on s p a t i a l  r e v e r s a l s ,  t h e  r a d i a l - a r m  maze ,  and 
g o / n o - g o  a l t e r n a t i o n  i n  a s t r a i g h t  a l l e y  ( B e r a c o c h e a ,  
J a f f o r d ,  & J a r r a r d ,  1089)  c o n t r a s t i n g  w i t h  d e f i c i t s  on a
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d e l a y e d  a l t e r n a t i o n  t a s k  i n  a  T-maze  ( K e s s l e r  & 
M a r k o w i t s c h ,  1 9 8 1 ) ,  a nd  i m p a i r m e n t s  on r a d i a l  maze t a s k s  
( K e s s l e r ,  M a r k o w i t s c h ,  & O t t o ,  1982;  S t o k e s  & B e s t ,  1 9 90 a ,  
1 990b ,  1 9 9 0 c ) .
1 . 6  Aims o f  t h e  P r e s e n t  S t u d y
I n  t h e  l i g h t  o f  t h e  c o n f l i c t i n g  e v i d e n c e  f rom b o t h  
human and  a n i m a l  s t u d i e s ,  t h i s  s e r i e s  o f  e x p e r i m e n t s  
r e - e x a m i n e d  t h e  e f f e c t s  o f  MD l e s i o n s  i n  r a t s  on t h e  
a c q u i s i t i o n  and  p e r f o r m a n c e  o f  t e s t s  o f  w o r k i n g  memory.  In  
a d d i t i o n ,  t h e  p r e s e n t  s t u d y  s o u g h t  t o  compare  t h e
b e h a v i o u r a l  c o n s e q u e n c e s  o f  c o n v e n t i o n a l  l e s i o n s  w i t h  
n e u r o t o x i c  l e s i o n s .
In  t h i s  way t h e  c o n t r i b u t i o n ,  i f  a n y ,  f rom f i b r e s  
o f  p a s s a g e  c o u l d  be  a s s e s s e d .  Two b e h a v i o u r a l  t a s k s  were  
u s e d .  The f i r s t ,  d e l a y e d  n o n - m a t c h i n g  t o  s a m p l e ,  was c h o s e n  
a s  t h i s  t e s t  o f  o b j e c t  r e c o g n i t i o n  ( A g g l e t o n ,  1985)  a p p e a r s  
c l o s e s t  i n  t a s k  demands  t o  t h o s e  t e s t s  o f  v i s u a l  r e c o g n i t i o n  
shown t o  be  s e n s i t i v e  t o  MD damage i n  monkeys  ( A g g l e t o n  
& M i s h k i n ,  1983b;  Z o l a  Morgan & S q u i r e ,  1 9 8 5 ) .  T h e s e  t e s t s  
a r e  i n  t u r n  b e l i e v e d  t o  be  s e n s i t i v e  t o  d i e n c e p h a l i c  
a m n e s i a  i n  humans ( A g g l e t o n ,  N i c o l ,  H u s t o n ,  & F a i r b a i m ,  
1988;  S q u i r e ,  Z o l a - M o r g a n ,  and  Chen,  1 9 8 8 ) .  The s e c o n d ,  
d e l a y e d  f o r c e d  a l t e r n a t i o n  I n  a  T- maze ,  was s e l e c t e d  a s
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most  o f  t h e  c o n f l i c t i n g  r e s u l t s  c o n c e r n i n g  MD l e s i o n s  i n  
r a t s  r e f e r  t o  t h i s  o r  c l o s e l y  r e l a t e d  t e s t s  o f  s p a t i a l  
w o r k i n g  memory.  By t h e  u s e  o f  t h e s e  two t e s t s  o f  w o r k i n g  
memory,  one  s p a t i a l  and  t h e  o t h e r  n o n - s p a t i a l ,  I i n t e n d e d  t o  
e xa mi n e  f u r t h e r  t h e  p o s s i b l e  c o n t r i b u t i o n  o f  MD t o  memory 
m ec h a n i s m s  i n  t h e  r a t .
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CHAPTER TWO 
TESTS OF NON-SPATIAL WORKING MEMORY
T h e s e  e x p e r i m e n t s  t e s t e d  t h e  a b i l i t y  o f  r a t s  w i t h  
l e s i o n s  i n  MD t o  l e a r n  and  p e r f o r m  t a s k s  r e q u i r i n g  
n o n - s p a t i a l  w o r k i n g  memory.  The r a t s  we r e  t e s t e d  i n  a Y-maze 
( F i g .  3)  i n  w h i ch  t h e  s t a r t - b o x  and  t h e  two g o a l - b o x e s  wer e  
r e m o v e a b l e .  On e a c h  t r i a l  t h e  s t a r t - b o x  m a t c h e d  one  o f  t h e  
g o a l - b o x e s ,  b u t  d i f f e r e d  f rom t h e  o t h e r .  S e l e c t i o n  o f  t h e  
u n f a m i l i a r  box ( n o n m a t c h i n g )  was a l w a y s  r e w a r d e d .  As b o t h  
t h e  s t a r t -  and  g o a l - b o x e s  c h a n g e d  a f t e r  e a c h  t r i a l ,  t h i s  
t a s k  t a x e d  w o r k i n g  memory '  ( H o n i g ,  19 78 ;  O l t o n ,  B e c k e r ,  & 
H a n d e I m a n n , 1 9 7 9 ) .
I n  a d d i t i o n ,  a  c o m p a r i s o n  was made b e t w e e n  t h e  
b e h a v i o u r a l  e f f e c t s  o f  r a d i o - f r e q u e n c y  l e s i o n s ,  t h e  
c o n v e n t i o n a l  t y p e ,  and  t h o s e  made by i b o t e n i c  a c i d ,  a 
n e u r o t o x i n  w h i c h  woul d  s p a r e  f i b r e s  o f  p a s s a g e  w i t h i n  and  
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2 . 1  G e n e r a l  Methods
2 . 1 . 1  S u b j e c t s  The s u b j e c t s  wer e  31 n a i v e  m a l e  r a t s  o f  
t h e  p i g m e n t e d  DA s t r a i n  ( B an t  i n  & Kingman,  H u l l ) ,
a p p r o x i m a t e l y  t h r e e  months  o l d  and  200 t o  250g i n  w e i g h t  a t  
t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .  They we r e  h o u s e d  i n  
i n d i v i d u a l  c a g e s  i n  a room w i t h  a p h o t o p e r i o d  o f  1 4 : 1 0  h r s  
l i g h t / d a r k ,  and  r a n d o m l y  a l l o c a t e d  t o  one  o f  t h r e e  s u r g i c a l  
g r o u p s .  F o l l o w i n g  r e c o v e r y  f rom s u r g e r y  and  t h r o u g h o u t  t h e  
s u b s e q u e n t  t e s t i n g  p e r i o d  t h e y  wer e  m a i n t a i n e d  on
a p p r o x i m a t e l y  15g o f  l a b o r a t o r y  d i e t  ( Be ek ay  Ra t  & Mouse,
B a n t i n  & Kingman,  H u l l )  p e r  d a y  so  t h a t  t h e i r  b o d y w e i g h t s  
r e m a i n e d  a t  no l e s s  t h a n  85% o f  n o r m a l .
2 . 1 . 2  S u r g i c a l  P r o c e d u r e A n i m a l s  i n  t h e  g r o u p  r e c e i v i n g  
c h e m i c a l  l e s i o n s  we r e  a n a e s t h e t i s e d  by a s i n g l e
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  4 m l / k g  o f  E q u i t h e s i n
( c o n t a i n i n g  42mg/kg c h l o r a l  h y d r a t e  and  9 . 7 m g / k g
p e n t o b a r b i t o n e  s o d i u m ) ,  s h a v e d ,  and  p l a c e d  i n  a  s t e r e o t a x i c
h e a d h o l d e r  ( D a v i d  Kopf  I n s t r u m e n t s ) .  The s c a l p  was c u t  and  
r e f l e c t e d  t o  e x p o s e  t h e  s k u l l ,  p a r t  o f  w h i c h  was t h e n  
removed u s i n g  a d e n t a l  d r i l l ,  t h u s  e x p o s i n g  t h e  d u r a  abov e
t h e  s a g i t t a l  s i n u s .  S t e r e o t a x i c  m e a s u r e m e n t s  we r e  u s e d  t o
i n t r o d u c e  t h e  n e e d l e  o f  a m i c r o - s y r i n g e  ( H a m i l t o n
I n s t r u m e n t s )  i n t o  t h e  t h a l a m u s  o f  e a c h  h e m i s p h e r e ,  and  0 . 6  
m i c r o l i t r e  o f  i b o t e n i c  a c i d  s o l u t i o n  ( 0 . 5  mg/100
m i c r o l i t r e s .  S igma)  d i s s o l v e d  i n  p h o s p h a t e  b u f f e r  (pH 7 . 2 )
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was i n j e c t e d  i n t o  e a c h  m e d i o d o r s a l  n u c l e u s .  The s t e r e o t a x i c  
c o o r d i n a t e s  r e l a t i v e  t o  e a r  b a r  z e r o ,  w i t h  t h e  i n c i s o r  b a r  
s e t  a t  + 5 . 0  r e l a t i v e  t o  t h e  h o r i z o n t a l  z e r o  p l a n e ,  we r e  A/P 
= + 3 . 0mm, H t . =  + 1 . 0mm, L a t . =  + / - 0 . 7 mm.  Each  i n j e c t i o n  was 
made g r a d u a l l y  o v e r  a 5 m i n u t e  p e r i o d  p e r  h e m i s p h e r e ,  and  
t h e  n e e d l e  a l l o w e d  t o  r e m a i n  i n  s i t u  f o r  a  f u r t h e r  5 m i n u t e s  
b e f o r e  b e i n g  w i t h d r a w n .  S u l p h a n i l a m i d e  powder  was a p p l i e d  
and t h e  s k i n  s u t u r e d  b a c k  i n t o  p l a c e .
T w o - s t a g e  s u r g e r i e s  w er e  c a r r i e d  o u t  on f o u r  r a t s  i n  
t h i s  g r o u p  i n  r e s p o n s e  t o  t h e  t o x i c i t y  o f  t h e  i b o t e n i c  a c i d .  
T h e r e  was a g ap  o f  b e t w e e n  7 and 13 d a y s  b e t w e e n  t h e  
u n i l a t e r a l  i n j e c t i o n s  i n  t h e  two h e m i s p h e r e s .
The a n i m a l s  r e c e i v i n g  r a d i o f r e q u e n c y  l e s i o n s  
u n d e r w e n t  t h e  same s u r g e r y  a s  t h e  i b o t e n i c  a c i d  g r o u p ,  
e x c e p t  t h a t  a  s t e e l  e l e c t r o d e ,  i n s u l a t e d  e x c e p t  f o r  t h e  t i p  
( 1 .2mm), was s u b s t i t u t e d  f o r  t h e  m i c r o - s y r i n g e  n e e d l e  and  a 
r a d i o f r e q u e n c y  c u r r e n t  (8 mA f o r  15 s e c o n d s )  was p a s s e d  i n  
e a c h  h e m i s p h e r e  ( G r a s s  LM4 l e s i o n  m a k e r ) .
A n i m a l s  i n  t h e  SHAM g r o u p  u n d e r w e n t  e x a c t l y  t h e  same 
p r o c e d u r e ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e  n e e d l e  o r  e l e c t r o d e
was i n s e r t e d  t o  a p o i n t  j u s t  s h o r t  o f  t h e  t a r g e t  n u c l e u s
(Ht  = E a r - b a r  0 + 1 . 5mm) and  w i t h d r a w n  w i t h o u t  any
i n j e c t i o n  b e i n g  made,  o r  c u r r e n t  p a s s e d .  P o s t - o p e r a t i v e
management  f o r  a l l  g r o u p s  i n c l u d e d  h e a t  and  oxy gen  
s u p p l e m e n t ,  and  i n j e c t i o n s  o f  e t a m p h y l l i n e  ( 35mg /k g)  and  
b u p r e n o r p h i n e  ( 0 . 1 5 m g / k g ) .
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2 . 1 . 3  H i s t o l o g i c a l  P r o c e d u r e  On c o m p l e t i o n  o f  t e s t i n g  
e a c h  r a t  was p e r f u s e d  i n t r a c a r d i a l l y  w i t h  5% f o r m o l  s a l i n e .  
The b r a i n s  we r e  b l o c k e d ,  embedded i n  wax ( P a r a p l a s t ) ,  and  
c u t  i n  lOu c o r o n a l  s e c t i o n s .  E v e r y  t e n t h  s e c t i o n  was m o un t ed
and s t a i n e d  w i t h  c r e s y l  v i o l e t ,  a N i s s l  s t a i n .  Each
a d j a c e n t  s e c t i o n  was r e a c t e d  w i t h  l u x o l  f a s t  b l u e ,  a f i b r e  
s t a i n .  E ach  l e s i o n  was e x a m i n e d  u n d e r  l i g h t  m i c r o s c o p y  and  
t h e  e x t e n t  o f  c e l l  l o s s  p l o t t e d  o n t o  s e v e n  s t a n d a r d  c o r o n a l  
s e c t i o n s  ( + 6 . 2 ,  + 5 . 8 ,  + 5 . 2 ,  + 4 . 8 ,  + 4 . 6 ,  + 4 . 4 ,  + 4 . 0 )  f ro m a
s t e r e o t a x i c  a t l a s  ( P e l l e g r i n o  & Cushman) .  A p l a n i m e t e r  was 
u s e d  t o  c a l c u l a t e  t h e  t o t a l  a r e a  o f  t h a l a m i c  damage 
r e p r e s e n t e d  on t h e s e  s e c t i o n s .
2 . 1 . 4  A p p a r a t u s  A t h r e e - a r m e d  maze (Y-maze)  was u s e d ,  
e a c h  arm o f  w h i c h  was 13cm wi de  and  20cm h i g h .  F i f t y  p a i r s  
o f  h a r d b o a r d  b o x e s  s e r v e d  b o t h  a s  s t a r t -  a nd  g o a l - b o x e s  and  
f i t t e d  i n t o  t h e  end  o f  e a c h  arm o f  t h e  maze ,  g i v i n g  a t o t a l  
arm l e n g t h  o f  26cm. The f l o o r s  o f  t h e  b o x e s ,  w h i ch  e x t e n d e d  
t o w a r d s  t h e  c e n t r e  o f  t h e  m aze ,  b e g a n  8cm f ro m a Y - s h a p e d  
a l u m i n i u m  g u i l l o t i n e  d o o r  a t  t h e  c e n t r e .  Food p e l l e t s  (45mg 
Campden I n s t r u m e n t s  L t d . )  c o u l d  be  d i s p e n s e d  u n d e r  t h e  b a c k  
o f  e a c h  b o x .  I l l u m i n a t i o n  was by a f l u o r e s c e n t  r o o m - l i g h t  
suspended 215cm a bo ve  t h e  a p p a r a t u s .  The l u m i n a n t  l i g h t  
l e v e l  a t  t h e  c e n t r e  o f  t h e  maze was 290 l u x .  The a p p a r a t u s
was i d e n t i c a l  i n  a l l  r e s p e c t s  t o  t h a t  u s e d  i n  p r e v i o u s
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s t u d i e s  o f  r e c o g n i t i o n  memory i n  r a t s .  ( A g g l e t o n ,  1985;  
A g g l e t o n ,  H u n t ,  & R a w l i n s ,  1 9 8 5 ) .
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2 . 2  EXPERIMENT 1 
NORMAL DELAYED NON-MATCHING TO SAMPLE
2 . 2 . 1  Method
S u b j e c t s  -  The 31 r a t s  d e s c r i b e d  i n  t h e  s e c t i o n  " G e n e r a l  
M e t h od s "  u n d e r w e n t  E x p e r i m e n t  1 ,  and  wer e  r a n d o m l y  a l l o c a t e d  
t o  one  o f  t h r e e  s u r g i c a l  g r o u p s :  i b o t e n i c  a c i d  l e s i o n s
(MDibo,  n = 1 0 ) ,  r a d i o - f r e q u e n c y  l e s i o n s  (MDrf ,  n = 8 ) ,  and  
o p e r a t e d  shams (SHAM, n = 1 3 ) .  U n f o r t u n a t e l y ,  one o f  t h e  
a n i m a l s  i n  t h e  SHAM g r o u p  f e l l  i l l  a f t e r  t h e  a c q u i s i t i o n  
p h a s e  o f  t h e  e x p e r i m e n t ,  so  i t s  d a t a  wer e  d e l e t e d  f rom t h e  
r e s u l t s .  T h i s ,  t h e r e f o r e ,  g i v e s  an  e f f e c t i v e  SHAM g r o u p  s i z e  
o f  12.
S u r g e r y  and  h i s t o l o g y  w e r e  c a r r i e d  o u t  a s  d e s c r i b e d  i n  t h e  
s e c t i o n  " G e n e r a l  Methods  " .
A p p a r a t u s  -  was a s  d e s c r i b e d  i n  " G e n e r a l  M e t h o d s " .  The 
h a r d b o a r d  b o x e s  w h i c h  s e r v e d  a s  s t a r t / g o a l  b o x e s  h a d  t h e i r  ' 
f l o o r s  and  w a l l s  d e c o r a t e d  i n  d i f f e r e n t  c o l o u r s  and  
p a t t e r n s ,  and  t h e  f l o o r s  w er e  l i n e d  w i t h  a v a r i e t y  o f  
m a t e r i a l s  s u c h  a s  s a n d p a p e r ,  wood s t r i p s ,  w i r e  m esh ,  m e t a l  
s h e e t ,  and  c l o t h .  I n  a d d i t i o n ,  e a c h  p a i r  c o n t a i n e d  i d e n t i c a l
—31 —
o b j e c t s  s u c h  a s  a p l a s t i c  c u p ,  a m e t a l  b r a c k e t ,  o r  a wooden 
b l o c k .  I n  t h i s  way e a c h  p a i r  was d e s i g n e d  t o  be a s  s i m i l a r  
a s  p o s s i b l e  and  y e t  a s  d i s t i n c t  a s  p o s s i b l e  f rom any  o t h e r  
p a i r  ( F i g .  4 ) .
B e h a v i o u r a l  P r o c e d u r e  -  F o l l o w i n g  a  p e r i o d  o f  p r e t r a i n i n g ,  
w h i c h  i n v o l v e d  h a n d l i n g  t h e  r a t s  d a i l y  an d  t r a i n i n g  them t o  
r u n  i n  t h e  Y-maze f o r  f o o d  p e l l e t s ,  t h e  e x p e r i m e n t  p r o p e r  
b e g a n .  At t h e  s t a r t  o f  e a c h  s e s s i o n  t h e  r a t  was p l a c e d  i n  
an arm o f  t h e  Y-maze w i t h  a b l a n k  h a r d b o a r d  b o x .  The 
c e n t r a l  d o o r  was r a i s e d  and  t h e  a n i m a l  a l l o w e d  t o  c h o o s e  
b e t w e e n  t h e  two o t h e r  arms  w h i ch  c o n t a i n e d  a m a t c h i n g  
p a i r  o f  d i s t i n c t i v e  g o a l  b o x e s  ( A l ,  A2; F i g .  3 ) .  The r a t  
had  made a c h o i c e  when a l l  f o u r  paws e n t e r e d  an a rm,  
w he r e u p o n  t h e  g u i l l o t i n e  d o o r  was l o w e r e d .  On t h i s  f i r s t  
r u n  t h e  a n i m a l  was r e w a r d e d  w i t h  t h r e e  45mg f o o d  p e l l e t s  
(Campden I n s t r u m e n t s )  w h i c h e v e r  box i t  e n t e r e d .  The a n i m a l  
was c o n f i n e d  t o  t h i s  arm ( A l )  f o r  a p e r i o d  o f  
a p p r o x i m a t e l y  20s  d u r i n g  w h i ch  t h e  o t h e r  two t e s t  b o x e s  
we r e  r e p l a c e d .  The c e n t r a l  d o o r  was t h e n  r a i s e d  r e v e a l i n g  a 
f a m i l i a r  box (A2) i n  one  arm and  a n o v e l  box ( B l )  i n  t h e  
o t h e r .  The r a t  was r e w a r d e d  w i t h  t h r e e  f o o d  p e l l e t s  i f  i t  
e n t e r e d  n o v e l  box B l ,  t h e  r e w a r d s  a l w a y s  b e i n g  g i v e n  a f t e r  
t h e  a n i m a l  had  made i t s  c h o i c e .
A f t e r  20s  c o n f i n e m e n t  i n  box Bl  t h e  s e c o n d  t r i a l  









between the now familiar appearance of box B2 (negative) and 
a novel box Cl (positive). This procedure was repeated with 
pairs of new boxes for a total of ten trials during which 
the novel box was always rewarded. A balanced schedule 
determined whether the correct response was to the right or 
left. The sequence of test-boxes varied after every fifty 
trials so that on average any particular box would appear 
once every five sessions.
If an animal made an incorrect choice, correction 
trials were run with the same set of goal-boxes until the 
animal selected the novel box. During these correction
trials the goal- boxes were rearranged so that entering the 
positive box required the same body-turn as in the test 
t r i a l .
When a rat achieved a criterion score of 40 or more
correct responses over five consecutive days (80%) it then
moved on to the second phase of the experiment. If,
however, a rat failed to reach the criterion score within 
400 trials it was excluded from the remainder of 
Experiment 1. The second phase consisted of a further 150 
trials in which retention intervals of '0's (as in 
acquisition), 20s, and 60s were imposed. For the two longer 
retention intervals the rats were again confined in the 
start-box for 20 seconds, but after this period had elapsed 
the start-box was removed and replaced by a blank box. The 
rat was not handled during this procedure but allowed to
- 3 3 -
step down from the start box onto the floor of the maze. 
The start-box was then immediately replaced by the blank 
box. Following a further 20s or 60s confinement in this 
box, the central door was raised, revealing the two 
goal-boxes; a novel one and one which resembled the 
start-box that had been removed prior to the delay. As 
before, the rat was rewarded for choosing the novel box, and 
an incorrect choice was followed by correction trials. This 
procedure required the rat to retain the memory of the 
start-box for at least 20 or 60 seconds. The rats received 
five days (50 trials) at each of the three conditions in a 
counterbalanced order.
2.2.2 Result s
Histology - The MDrf group consistently showed extensive 
bilateral damage throughout the extent of the nucleus 
(Figs. 5 & 6), with the estimated extent of MD damage 
ranging from 38% to 86% (median MD damage = 74%). These 
lesions were centred in the medial subdivision of MD, 
although in nearly all cases there was considerable 
symmetrical damage to the central and lateral 
subdivisions of the nucleus as well. In all cases the 
lesion included the adjacent paraventricular nucleus. In 
two cases the lesion produced slight damage restricted to 
the most caudal portions of the anterior nuclei. In all 










Fig. 5. Coronal sections depicting those cases 
with the largest and smallest lesions within the 
MDrf (left column) and MDibo (centre column) groups. 
The right column shows the extent of rostral 
thalamic damage in the subset of MDibo animals with 
anterior thalamic involvement. The numbers refer to 
the corresponding plates in Pellegrino and Cushman 






Fig. 6. Photomicrograph of coronal 
stain) showing the lesion location 
animal with the median extent
section (Nissl 
in the MDrf 
of damage.
Abbreviations: H, hippocampus; 
MD » mediodorsal; RE, reuniens.
LD, lateral dorsal;
500ju
Fig. 7. Photomicrograph of coronal section (Nissl 
stain) showing the highly selective cell loss in the 
anterior thalamic nuclei which was present in some 
MDibo animals. Abbreviations: AM, anterior medial; 
A V , anterior ventral; PV, paraventricular; V, third 
vent r icle.
b i l a t e r a l l y  b u t  i n  no c a s e  was t h e r e  e v i d e n c e  o f  r e t r o g r a d e  
d e g e n e r a t i o n  i n  e i t h e r  t h e  m a m m i l l a r y  b o d i e s  o r  t h e  
a m y g d a l a .
The l e s i o n s  i n  t h e  MDibo g r o u p  wer e  more  
v a r i a b l e  and  i n  g e n e r a l  somewhat  s m a l l e r  t h a n  t h o s e  i n  t h e  
MDrf g r o u p  ( F i g .  5 ) .  T h e r e  was b i l a t e r a l  damage w i t h i n  t h e  
m e d i a l  p o r t i o n  o f  MD i n  a l l  c a s e s  and  t h e  p e r c e n t a g e  o f  
t o t a l  MD damage r a n g e d  f ro m 12% t o  98% ( m e d i a n  MD damage -  
34%).  I n  a l l  c a s e s  t h e r e  was some i n v o l v e m e n t  o f  t h e  
m i d l i n e  p a r a v e n t r i c u l a r  n u c l e u s  a l t h o u g h  t h i s  was f a r  l e s s  
t h a n  t h a t  o b s e r v e d  i n  t h e  MDrf g r o u p .  The s t r i a  m e d u l l a r i s  
a p p e a r e d  t o  be  s p a r e d  i n  a l l  c a s e s ,  a l t h o u g h  t h e r e  was some 
p a r t i a l  i n v o l v e m e n t  o f  t h e  h a b e n u l a  i n  t h r e e  a n i m a l s .  
A d d i t i o n a l l y ,  i n  f i v e  o f  t h e  t e n  MDibo c a s e s  t h e r e  was 
s u b s t a n t i a l  i n v o l v e m e n t  o f  t h e  a n t e r i o r  n u c l e i ,  wh i ch  i n  two 
a n i m a l s  p r o d u c e d  n e a r - t o t a l  b i l a t e r a l  c e l l - l o s s  i n  t h e  
a n t e r i o r  m e d i a l  (AM) and  a n t e r i o r  d o r s a l  (AD) n u c l e i ,  w h i l e  
t h e  m e d i a l  p o r t i o n  o f  t h e  a n t e r i o r  v e n t r a l  (AV) n u c l e u s  a l s o  
showed ma r k e d  c e l l - l o s s .  I n  t h e  r e m a i n i n g  t h r e e  a n i m a l s  
t h e  damage i n  t h e  a n t e r i o r  n u c l e i  was i p s i l a t e r a l ,  o f t e n  
i n v o l v i n g  m a j o r  p o r t i o n s  o f  a l l  t h r e e  n u c l e i .  I n  a l l  
f i v e  c a s e s  t h i s  r o s t r a l  damage was r e s t r i c t e d  t o  t h e  
a n t e r i o r  t h a l a m i c  n u c l e i ,  a l t h o u g h  i t  was a c c o m p a n i e d  by 
r e t r o g r a d e  d e g e n e r a t i o n  i n  t h e  m e d i a l  m a m m i l l a r y  n u c l e u s  in 
t h e  i p s i l a t e r a l  h e m i s p h e r e .  E x a m i n a t i o n  o f  t h e  s e c t i o n s  
which had been stained with l u x o l  fast b l u e  i n d i c a t e d  t h a t
-35-
t h e  i b o t e n i c  a c i d  h a d  s u b s t a n t i a l l y  r e d u c e d  damage t o  f i b r e s  
w i t h i n  MD.
B e h a v i o u r a l  -  W h i l e  11 o f  t h e  12 SHAM a n i m a l s  a c q u i r e d  t h e  
DNMS t a s k  w i t h i n  400 t r i a l s ,  o n l y  h a l f  o f  t h e  r a t s  w i t h  MD 
l e s i o n s  we r e  a b l e  t o  r e a c h  t h e  c r i t e r i o n  s c o r e  (MDrf ,  
f o u r  o u t  o f  e i g h t ;  MDibo,  f i v e  o u t  o f  t e n ) .  T h e s e  d i f f e r e n t  
d i s t r i b u t i o n s  wer e  f o u n d  t o  be  s i g n i f i c a n t  u s i n g  t h e  Fisher 
e x a c t  p r o b a b i l i t y  t e s t  (SHAM v s .  MDrf p < 0 . 0 5 ;  SHAM v s .  MDibo 
p < 0 . 0 5 ) .  The s e v e r i t y  o f  t h e  a c q u i s i t i o n  d e f i c i t  i n  t h e  
s u b g r o u p  o f  n i n e  MD a n i m a l s  t h a t  f a i l e d  t o  a c q u i r e  t h e  t a s k  
i s  r e f l e c t e d  by t h e  f i n d i n g  t h a t  t h e i r  s c o r e s  on t h e  l a s t  
50 o f  400 t r i a l s  (mean = 3 0 . 4 )  d i d  n o t  d i f f e r  f rom t h e i r  
s c o r e s  on t h e  f i r s t  50 t r i a l s  (mean = 3 1 . 0 ) .  T h e r e  was no
e v i d e n c e  t h a t  t h e  p e r f o r m a n c e  o f  t h o s e  MDibo a n i m a l s  t h a t  
r e c e i v e d  t w o - s t a g e  s u r g e r i e s  d i f f e r e d  f ro m t h e  r e m a i n d e r  o f  
t h e  g r o u p  ( two  r e a c h e d  t h e  DNMS c r i t e r i o n  and  two f a i l e d ) .
C o m p a r i s o n s  b e t w e e n  t h e  t o t a l  number  o f  e r r o r s
i n c u r r e d  i n  r e a c h i n g  t h e  a c q u i s i t i o n  c r i t e r i o n ,  i n c l u d i n g  
t h o s e  on c o r r e c t i o n  t r i a l s ,  i n d i c a t e d  t h a t  r a t s  w i t h  
t h a l a m i c  damage made more  e r r o r s  t h a n  t h e  SHAM a n i m a l s  
( K r u s k a l 1 - W a l 1 i s  H = 6 . 3 2 ,  p < 0 . 0 5 ) ,  n o n p a r a m e t r i c
s t a t i s t i c s  b e i n g  u s e d  i n  r e s p o n s e  t o  t h e  a r b i t r a r y  l i m i t  o f  
400 a c q u i s i t i o n  t r i a l s  ( F i g .  8 ) .  F u r t h e r  c o m p a r i s o n s  showed 
t h a t  b o t h  t h e  MDrf (U = 26 ,  p < 0 . 0 5 )  and  t h e  MDibo (U = 26 ,
p < 0 . 0 2 5 )  g r o u p s  made more  e r r o r s  t h a n  t h e  SHAM g r o u p .
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F i g .  8 .  A c q u i s i t i o n  o f  t h e  Y-maze t a s k  a s  m e a s u r e d  
by number of trials t o  c r i t e r i o n ,  t o t a l  number  o f  
t r i a l s  t o  c r i t e r i o n  ( i n c l u d i n g  a l l  c o r r e c t i o n  
t r i a l s ) ,  and  t o t a l  number  o f  e r r o r s  t o  c r i t e r i o n .
T h e s e  g r o u p  d i f f e r e n c e s  we r e  e v i d e n t  a f t e r  a s  few a s  50 
t r i a l s  a s  t h e  a n i m a l s  w i t h  t h a l a m i c  l e s i o n s  made f e w e r  
c o r r e c t  c h o i c e s  [ F ( 2 , 2 7 )  = 3 . 5 3 ,  p < 0 . 0 5 ]  r e f l e c t i n g  t h e
p o o r  s c o r e s  o f  b o t h  MD g r o u p s  (mean s c o r e s ;  SHAM = 3 4 . 3 ,  
MDrf = 3 1 . 1 ,  MDibo = 3 0 . 9 ) .  An e x a m i n a t i o n  o f  t h e  number  o f  
c o r r e c t i o n  t r i a l s  p e r  e r r o r  made i n  t h e  f i r s t  100 t r i a l s ,  a 
m e a s u r e  o f  b o d y - t u r n  p e r s e v e r a t i o n ,  r e v e a l e d  no d i f f e r e n c e s  
b e t w e e n  t h e  SHAM c o n t r o l s  and  t h o s e  n i n e  MD a n i m a l s  t h a t  
a c q u i r e d  t h e  DNMS t a s k  and  t h o s e  n i n e  MD a n i m a l s  t h a t  f a i l e d  
( F < 1 ) .
I t  was f o u n d ,  h o w e v e r ,  t h a t  t h e  s u b g r o u p  o f  MDrf (n  
= 4)  and  MDibo (n  = 5)  a n i m a l s  t h a t  r e a c h e d  t h e  a c q u i s i t i o n  
c r i t e r i o n  p e r f o r m e d  c l o s e  t o  n o rma l  o v e r  t h e  t h r e e  
r e t e n t i o n  d e l a y s ;  ' O ' s  ( t r a i n i n g  c o n d i t i o n ) ,  2 0 s ,  and
60s  ( F i g .  9 ) .  An a n a l y s i s  o f  v a r i a n c e  c o n f i r m e d  
t h a t  a l t h o u g h  i n c r e a s i n g  t h e  r e t e n t i o n  i n t e r v a l  d i d  i m p a i r  
p e r f o r m a n c e  [ F ( 2 , 3 4 )  = 1 2 . 3 ,  p < 0 . 0 0 1 ] ,  t h e r e  was no
c l e a r  e v i d e n c e  o f  a  l e s i o n  e f f e c t  [ F ( 2 , 1 7 )  = 2 . 3 6 ,  p > 0 . 1 ]  
o r  o f  an i n t e r a c t i o n  [ F ( 4 , 3 4 )  = 1 . 4 1 ] .  When t h e  s t a n d a r d
' O ' s  c o n d i t i o n  was r emoved  e v i d e n c e  o f  a m i l d  l e s i o n  
e f f e c t  o v e r  t h e  two d e l a y  c o n d i t i o n s  was f o u n d  a l t h o u g h  t h i s  
d i d  n o t  r e a c h  s i g n i f i c a n c e  [ F ( 2 , 1 7 )  = 3 . 5 5 ,  0 . 1 > p > 0 . 0 5 ] .  
No d i f f e r e n c e s  we r e  f o u n d  b e t w e e n  t h e  two MD g r o u p s .  I t  
s h o u l d  be  n o t e d  t h a t  t h e s e  a n a l y s e s  c o u l d  o n l y  be  a p p l i e d  
t o  t h o s e  a n i m a l s  t h a t  h ad  r e a c h e d  t h e  a c q u i s i t i o n  
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F i g .  9 .  P e r f o r m a n c e  o f  t h e  Y-maze t a s k  o v e r  
i n c r e a s i n g  r e t e n t i o n  i n t e r v a l s  b e t w e e n  s t i m u l u s  
p r e s e n t a t i o n  and t e s t  o f  r e c o g n i t i o n .
f rom e a c h  MD g r o u p .
S u b s e q u e n t  h i s t o l o g i c a l  e x a m i n a t i o n s  f o u n d  no 
e v i d e n c e  t h a t  t h e  f a i l u r e  o f  c e r t a i n  MDrf a n i m a l s  t o  m a s t e r  
t h e  DNMS t a s k  was l i n k e d  w i t h  t h e  p r e s e n c e  o f  damage 
i n  any  p a r t i c u l a r  s t r u c t u r e  o u t s i d e  MD. As a 
c o n s e q u e n c e ,  t h e  c o r r e l a t i o n  was e x a mi n e d  b e t w e e n  e x t e n t  o f  
damage t o  MD m e a s u r e d  f ro m f i v e  s t a n d a r d  c o r o n a l  s e c t i o n s ,  
and  a m e a s u r e  o f  DNMS p e r f o r m a n c e ,  w h i c h  was t h e  t o t a l  
number  o f  c o r r e c t  t r i a l s  i n  t h e  f i r s t  100 t r i a l s  ( t h e  
h i g h e s t  number  o f  a c q u i s i t i o n  t r i a l s  t h a t  a l l  MD a n i m a l s  
r e c e i v e d ) .  T h i s  a n a l y s i s  r e v e a l e d  a s i g n i f i c a n t ,  n e g a t i v e  
c o r r e l a t i o n  ( S pe a r ma n  Rank r  = - 0 . 7 2 ,  p < 0 . 0 5 )  i n  t h e  MDrf 
g r o u p ,  i . e .  t h e  g r e a t e r  t h e  MD damage t h e  p o o r e r  t h e  DNMS 
s c o r e s .
T h e r e  was g r e a t e r  v a r i a b i l i t y  i n  t h e  e x t e n t  and  
l o c a t i o n  o f  t h a l a m i c  damage i n  t h e  MDibo g r o u p .  
N e v e r t h e l e s s ,  t h e r e  was o n c e  a g a i n  a n e g a t i v e ,  b u t  t h i s  t i m e  
n o n s i g n i f i c a n t ,  c o r r e l a t i o n  b e t w e e n  e x t e n t  o f  damage t o  MD 
and  number  o f  c o r r e c t  r e s p o n s e s  i n  t h e  f i r s t  100 t r i a l s  ( r  = 
- 0 . 4 7 ,  n = 1 0 ) .  T h e r e  was ,  h o w e v e r ,  no e v i d e n c e  o f  a 
s i m i l a r  c o r r e l a t i o n  w i t h  t h e  e x t e n t  o f  a n t e r i o r  t h a l a m i c  
n u c l e u s  damage and  DNMS p e r f o r m a n c e  ( r  = 0 . 1 ) .
The MDrf an d  MDibo g r o u p s  we r e  comb in ed  i n  a  f i n a l  
a n a l y s i s  i n  wh i c h  a s i g n i f i c a n t ,  n e g a t i v e  c o r r e l a t i o n  was 
f o u n d  b e t w e e n  t h e  e x t e n t  o f  c e l l u l a r  MD damage and  t h e  
number  o f  c o r r e c t  t r i a l s  i n  t h e  f i r s t  100 t r i a l s  ( r  = - 0 . 5 2 ,
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n = 18 ,  p < 0 . 0 5 ) .  D e s p i t e  t h e s e  c o r r e l a t i o n s  t h e  a p p a r e n t l y
n o r m a l  p e r f o r m a n c e  o f  t h o s e  r a t s  w i t h  MD l e s i o n s  t h a t  d i d  
a c q u i r e  t h e  DNMS t a s k  was n o t  s i m p l y  a c o n s e q u e n c e  o f  v e r y  
s m a l l  l e s i o n s  a s  t h e  e x t e n t  o f  MD damage i n  t h e s e  r a t s  
r a n g e d  f ro m 13% t o  82% o f  t h e  n u c l e u s .
2 . 2 . 3  D i s c u s s i o n
A n i m a l s  i n  b o t h  g r o u p s  w i t h  MD l e s i o n s  wer e  i m p a i r e d  
on t h e  a c q u i s i t i o n  o f  t h e  DNMS t a s k ,  a l t h o u g h  no 
d i f f e r e n c e s  w er e  f o u n d  b e t w e e n  t h e  MDrf and  MDibo a n i m a l s .  
The e f f e c t s  o f  t h e  MD l e s i o n s  upon a c q u i s i t i o n  wer e  a p p a r e n t  
u s i n g  a number  o f  d i f f e r e n t  p e r f o r m a n c e  c r i t e r i a ,  t h e  
d e f i c i t  a p p e a r i n g  a s  e a r l y  a s  t h e  f i r s t  50 t r i a l s .  
F u r t h e r m o r e ,  t h e r e  was e v i d e n c e  t h a t  t h e  e x t e n t  o f  MD damage 
c o r r e l a t e d  w i t h  t h e  s i z e  o f  t h e  a c q u i s i t i o n  d e f i c i t .  In  
c o n t r a s t ,  t h o s e  MDrf and  MDibo a n i m a l s  t h a t  we r e  a b l e  t o  
m a s t e r  t h e  t a s k  p e r f o r m e d  a t  c l o s e  t o  n o r m a l  l e v e l s  o v e r  
r e t e n t i o n  d e l a y s  o f  up t o  6 0 s .
The e m e r g e n c e  o f  t h e  DNMS d e f i c i t  a f t e r  a s  few as  50 
t r i a l s  m i g h t  a t  f i r s t  s u g g e s t  a s e n s o r y  d e f i c i t ,  e s p e c i a l l y  
a s  t h e  c e n t r a l  d i v i s i o n  o f  MD i s  known t o  r e c e i v e  o l f a c t o r y  
i n p u t s  ( C o r n w a l l  & P h l i l l i p s o n ,  1988;  G r o e ne w e ge n ,  1 9 8 8 ) .  
A l t h o u g h  t h e  u s e  o f  p a i r s  o f  b o x e s  d e l i b e r a t e l y  p r e c l u d e d  
t h e  u s e  o f  o d o u r  t r a i l s ,  t h e  f a c t  t h a t  t h e  two g o a l - b o x e s  
p r e s e n t e d  t o  t h e  r a t  on e a c h  t r i a l  a l w a y s  c o n t a i n e d  i t e m s  
made f ro m d i f f e r e n t  m a t e r i a l s  means  t h a t  o l f a c t o r y  c u e s
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c o u l d  n o t  be  e l i m i n a t e d .  W h i l e  c o n t r o l  t e s t s  h a v e  shown 
t h a t  r a t s  do n o t  r e l y  on o l f a c t o r y  c u e s  i n  o r d e r  t o  p e r f o r m  
t h e  DI^S t a s k  ( A g g l e t o n  e t  a l . ,  1986;  H u s t o n  & A g g l e t o n ,  
1 9 8 7 ) ,  i t  i s  p o s s i b l e  t h a t  s u c h  c u e s  may add  t o  t h e  s a l i e n c e
o f  t h e  d i f f e r e n t  p a i r s  o f  b o x e s .  C u r r e n t  e v i d e n c e  s u g g e s t s
t h a t  MD l e s i o n s  do n o t  a f f e c t  d e t e c t i o n  t h r e s h o l d s  i n  
r a t s  ( E i c h e n b a u m ,  S h e d l a c k ,  & Eckmann,  1980 ;  S l o t n i c k  & 
Kaneko ,  1 9 8 1 ) ,  a l t h o u g h  i m p a i r m e n t s  h a v e  b e e n  f o u n d  w i t h  
o l f a c t o r y  d i s c r i m i n a t i o n s  ( E i c h e n b a u m  e t  a l . ,  1980;  
S l o t n i c k  & Kaneko ,  1981;  S t a u b l i ,  S c h o t t  1 e r ,  & N e j a t - B i n a ,  
1 9 8 7 ) .  T h e s e  f i n d i n g s  h a v e  b e e n  i n t e r p r e t e d  a s  i n d i c a t i n g  
a p r o c e d u r a l  l e a r n i n g  d e f i c i t  r a t h e r  t h a n  t h e  c o n s e q u e n c e  o f  
a s p e c i f i c  o l f a c t o r y  d e t e c t i o n  d e f i c i t  ( S t a u b l i  e t  a l . ,  
1 9 8 7 ) .  However ,  a c o n t r o l  e x p e r i m e n t  was r u n  i n  o r d e r  t o  
e x p l o r e  t h i s  p o s s i b i l i t y  f u r t h e r ,  and  i s  d e s c r i b e d  i n  t h e  
A p p e n d i x .
C o n s i s t e n t  w i t h  t h e  n o t i o n  o f  a p r o c e d u r a l  l e a r n i n g  
d e f i c i t  was t h e  f a c t  t h a t  t h e  MD r a t s  c o u l d  d i s c r i m i n a t e  
b e t w e e n  t h e  s t i m u l i  and  y e t  we r e  o f t e n  u n a b l e  t o  m a s t e r  t h e  
n o n m a t c h i n g  r u l e .  T h e r e  was ,  f o r  e x a m p l e ,  no d i f f e r e n c e  
b e t w e e n  t h e  p e r f o r m a n c e  o f  t h e  SHAM a n i m a l s  on t h e  v e r y  
f i r s t  20 DNMS t r i a l s  and  t h a t  o f  t h e  n i n e  a n i m a l s  w i t h  MD 
l e s i o n s  t h a t  e v e n t u a l l y  f a i l e d  t o  a c q u i r e  t h e  t a s k  ( t < l ) ,  
e v e n  t h o u g h  t h e  s c o r e s  o f  b o t h  g r o u p s  w er e  s i g n i f i c a n t l y  
a b ov e  c h a n c e  (minimum t  = 3 . 1 0 ;  p < 0 . 0 1 ) .  T h i s  c o m p a r i s o n
i s  o f  i n t e r e s t  b e c a u s e  n o r ma l  rats show a spontaneous
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p r e f e r e n c e  f o r  n o v e l  b o x e s  w h i ch  i s  c o n s i s t e n t l y  d e t e c t a b l e  
a f t e r  o n l y  20 t r i a l s  ( A g g l e t o n ,  1985;  A g g l e t o n  e t  a l . ,  
1 9 8 6 ) ,  an d  wh i ch  mus t  r e f l e c t  an  a b i l i t y  t o  d i s t i n g u i s h  
b e t w e e n  t h e  t e s t  s t i m u l i .  S i m i l a r l y  t h e  same n i n e  MD 
a n i m a l s  p e r f o r m e d  s i g n i f i c a n t l y  a bov e  c h a n c e  on t h e  f i r s t  
50 t r i a l s  e v en  t h o u g h  t h e y  we r e  u n a b l e  t o  i mp ro ve  t h e i r  
s c o r e s  o v e r  400 t r i a l s .  F u r t h e r m o r e ,  t h e r e  was no 
e v i d e n c e  t h a t  t h o s e  MD a n i m a l s  t h a t  f a i l e d  t o  a c q u i r e  t h e  
DNMS t a s k  showed a t e n d e n c y  t o  p e r s e v e r a t e  t h e i r  b o d y - t u r n s .  
Ta ken  t o g e t h e r  t h e s e  f i n d i n g s  s u g g e s t  a  l e a r n i n g  d e f i c i t .
The l a c k  o f  any  d i f f e r e n c e  b e t w e e n  t h e  MDrf and  
MDibo g r o u p s  on t h e  DNMS t a s k  s t r o n g l y  i n d i c a t e s
t h a t  damage t o  c e l l s  and  n o t  t o  f i b r e s  o f  p a s s a g e  w i t h i n  MD 
i s  r e s p o n s i b l e  f o r  t h e  a c q u i s i t i o n  d e f i c i t .  T h i s
c o n c l u s i o n  i s  s u p p o r t e d  by e v i d e n c e  o f  s i g n i f i c a n t  
c o r r e l a t i o n s  b e t w e e n  t h e  e x t e n t  o f  MD damage and  p e r f o r m a n c e  
on t h e  r e c o g n i t i o n  t a s k .  Such c o r r e l a t i o n s  w er e  f o u n d  f o r  
b o t h  t h e  MDrf g r o u p  and  f o r  t h e  c ombi ned  MDrf and  MDibo 
g r o u p s .  The l o c a t i o n  o f  t h e  l e s i o n s  i n  t h e  MDibo g r o u p  
p r o v i d e s  some e v i d e n c e  t h a t  damage t o  t h e  m e d i a l  p o r t i o n  o f  
t h e  n u c l e u s ,  wh i c h  i s  c o n n e c t e d  w i t h  a l a r g e  r a n g e  o f  l i m b i c  
s t r u c t u r e s  and  r e l a t e d  c o r t i c a l  r e g i o n s  s u c h  a s  t h e  
p r e l i m b i c ,  i n f r a l i m b i c ,  c i n g u l a t e ,  o r b i t a l ,  and  i n s u l a r  
cortices (Cornwall & Phillipson, 1988;  Groenewegen, 1988;  
K r e t t e k  & P r i c e ,  1 9 7 7 ) ,  was p a r t i c u l a r l y  i m p o r t a n t  i n  
p r o d u c i n g  t h e  DNMS d e f i c i t .  C o n f i r m a t i o n  o f  t h i s  w i l l .
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h o w e v e r ,  h a v e  t o  a w a i t  c o m p a r i s o n s  w i t h  t h e  e f f e c t s  o f  
l e s i o n s  r e s t r i c t e d  t o  e i t h e r  t h e  l a t e r a l  o r  m e d i a l  s e c t i o n s  
o f  MD.
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2 . 3  EXPERIMENT 2 
DELAYED NON-MATCHING TO SAMPLE -  REPEAT BOXES
One f e a t u r e  o f  t h e  o b j e c t  r e c o g n i t i o n  t e s t  
( E x p e r i m e n t  1) i s  t h a t  i t  m i n i m i z e d  i n t e r t r i a l  ( p r o a c t i v e )  
i n t e r f e r e n c e  by t h e  u s e  o f  m u l t i p l e  s t a r t / g o a l  b o x e s  w h i ch  
we r e  c h a n g e d  a f t e r  e a c h  t r i a l ,  and  o n l y  r e p e a t e d  a f t e r  e v e r y  
f i f t h  d a y .  As a  c o n s e q u e n c e ,  i t  i s  u n l i k e l y  t h a t  t h e
a n i m a l s  we r e  c o n f u s e d  by p r e v i o u s  t r i a l s .  In  o r d e r  t o  
i n c r e a s e  t h e  d i f f i c u l t y  o f  t h e  memory component  o f  t h e  t a s k ,  
and  t o  e s t a b l i s h  w h e t h e r  p r o a c t i v e  i n t e r f e r e n c e  m i g h t  r e v e a l  
a  d i f f e r e n c e  b e t w e e n  t h e  e x p e r i m e n t a l  g r o u p s ,  t h e
i n t r a s e s s i o n  i n t e r f e r e n c e  was i n c r e a s e d .  T h i s  was done  by
r e p e a t i n g  t h e  r e c o g n i t i o n  t a s k  u s i n g  a r e s t r i c t e d  s e t  o f
s t a r t / g o a l  b o x e s .
2 . 3 . 1  Method
S u b j e c t s  -  The s u b j e c t s  we r e  a l l  r a t s  w h i c h  h ad  r e a c h e d  
c r i t e r i o n  and  s u b s e q u e n t l y  c o m p l e t e d  E x p e r i m e n t  1 (MDibo n 
= 3 ,  MDrf n = 4 ,  SHAM n = 7 ) .
S u r g e r y ,  h i s t o l o g y ,  and  a p p a r a t u s  w er e  a s  d e s c r i b e d  i n  
' G e n e r a l  M e t h o d s '  and  E x p e r i m e n t  1.
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B e h a v i o u r a l  P r o c e d u r e  -  T e s t i n g  c o n s i s t e d  o f  t e n  d a i l y  
s e s s i o n s  i n  t h e  Y-maze ,  e a c h  s e s s i o n  c o m p r i s i n g  t w e l v e  
t r i a l s  u s i n g  t h e  same s t a r t / g o a l  b o x e s  and  g e n e r a l  t e s t i n g  
m e t h od  a s  E x p e r i m e n t  1.  H a l f  o f  t h e s e  s e s s i o n s  w er e  n o r ma l  
w i t h  s e s s i o n - u n i q u e  s t i m u l i  b e i n g  p r e s e n t e d  on e a c h  t r i a l ,  
b u t  on a l t e r n a t e  s e s s i o n s  t h e  r a t s  we r e  t e s t e d  w i t h  a 
l i m i t e d  s e t  o f  j u s t  f o u r  p a i r s  o f  g o a l  b o x e s ,  e a e h  s e t  o f  
f o u r  b e i n g  d i f f e r e n t  f o r  e a c h  o f  t h e  f i v e  s e s s i o n s .  D u r i n g  
t h e s e  s e s s i o n s  e a c h  p a i r  was u s e d  a s  t h e  c o r r e c t  
" u n f a m i l i a r "  s t i m u l u s  t h r e e  t i m e s .  On t h e i r  f i r s t  a p p e a r a n c e  
( t r i a l s  1 - 4 )  t h e  f o u r  g o a l - b o x e s  we r e  t r u l y  u n f a m i l i a r ,  b u t  
on t h e  r e m a i n i n g  e i g h t  t r i a l s  t h e  b o x e s  r e a p p e a r e d  t w i c e  i n  
a p s e u d o - r a n d o m  o r d e r  so  t h a t  t h e  number  o f  i n t e r v e n i n g  
t r i a l s  v a r i e d  b e t w e e n  one  and  f i v e .  As a c o n s e q u e n c e ,  on 
t r i a l s  5 - 1 2  t h e  r a t  was r e q u i r e d  t o  make a j u d g em e n t  o f  
r e l a t i v e  r e c e n c y  r a t h e r  t h a n  r e c o g n i t i o n .
I n  a l l  o t h e r  r e s p e c t s  t h e  t e s t i n g - c o n d i t i o n s , 
i n c l u d i n g  c o r r e c t i o n  t r i a l s ,  we r e  p r e c i s e l y  t h e  same 
a s  i n  E x p e r i m e n t  1.
2 . 3 . 2  R e s u l t s
F i g u r e  10 shows t h e  p e r f o r m a n c e  o f  t h e  a n i m a l s  o v e r  
4 n o r ma l  s e s s i o n s  and  4 s e s s i o n s  u s i n g  r e p e a t e d  s t i m u l i .  
On ly  t h e  l a s t  8 t r i a l s  o f  e a c h  s e s s i o n  wer e  c o n s i d e r e d ,  a s  
i t  i s  o n l y  on t h e s e  t r i a l s  t h a t  r e p e t i t i o n  o f  t h e  t e s t
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n  Normal




F i g .  10.  P e r f o r m a n c e  o f  t h e  Y-maze t a s k  on d a y s  
u s i n g  r e p e a t e d  s t i m u l i ,  and on d a y s  u s i n g  t h e  no r ma l  
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NUMBER OF IN T E R V E N IN G  BOXES
F i g .  11 .  P e r f o r m a n c e  o f  a l l  t h r e e  g r o u p s  o f  t h e  









NUMBER OF IN TE R V E N IN G  BOXES
F i g .  1 2 .  P e r f o r m a n c e  o f  t h e  Y-maze t a s k  u s i n g  
r e p e a t e d  s t i m u l i ;  MD g r o u p s  c o mb i ne d .
s t i m u l i  o c c u r r e d .  An a n a l y s i s  o f  v a r i a n c e  showed t h a t  on 
c o m p a r i n g  t h e  s c o r e s  f o r  t h e  two d i f f e r e n t  k i n d s  o f  s e s s i o n  
t h e r e  i s  no e f f e c t  o f  l e s i o n  [ F ( l , 5 )  = 1 . 3 1 ,  P = < 0 . 2 5 ] ,  
b u t  t h a t  t h e r e  i s  a s i g n i f i c a n t l y  r e d u c e d  p e r f o r m a n c e  on t h e  
s e s s i o n s  u s i n g  r e p e a t  s t i m u l i  ( F ( l , 5 )  = 4 1 . 4 ,  P < 0 . 0 1 ] .
G i v e n  t h i s  l a c k  o f  d i f f e r e n c e  b e t w e e n  t h e  l e s i o n  g r o u p s ,  
t h e i r  r e s u l t s  we r e  t h e n  c ombi ned  and  co mpar ed  a g a i n s t  t h e  
SHAM g r o u p  i n  t h e  same way.  T h i s  showed a g a i n  t h a t  t h e  
r e d u c t i o n  i n  p e r f o r m a n c e  on r e p e a t  d a y s  was s i g n i f i c a n t  
( F ( l , 2 )  = 7 . 5 ,  P < 0 . 0 2 5 ] ,  and  t h a t  t h e r e  was no d i f f e r e n c e  
b e t w e e n  t h e  c om bi ne d  MD g r o u p  a nd  t h e  SHAM g r o u p  [F < 1]
F i g u r e  11 shows t h e  d e c l i n e  i n  p e r f o r m a n c e  by a l l  3 
g r o u p s  a s  t h e  number  o f  i n t e r v e n i n g  b o x e s  d e c r e a s e s  and  t h e  
d e g r e e  o f  p r o a c t i v e  i n t e r f e r e n c e  i n c r e a s e s .  An a n a l y s i s  o f  
v a r i a n c e  a g a i n  shows t h e  r e l i a b i l i t y  o f  t h e  d e c l i n e  i n  
p e r f o r m a n c e  a s  h i g h l y  s i g n i f i c a n t  on b o t h  MDibo v e r s u s  MDrf 
and  c ombi ned  MD g r o u p s  v e r s u s  SHAM [ F ( 4 , 2 0 )  = 1 . 8 2 ,  P < 
0 . 1 ,  and  F < 1 ] ,  an d  no d i f f e r e n c e  i n  p e r f o r m a n c e  b e t w e e n
t h e  two l e s i o n  g r o u p s  [F < 1 ] ,  o r  b e t w e e n  c ombi ned  l e s i o n
g r o u p s  and  SHAM g r o u p  [F < 1 ] .
2 . 3 . 3  D i s c u s s i o n  
T h i s  e x p e r i m e n t  t e s t e d  w h e t h e r  t h e  a n i m a l s  wer e
s e n s i t i v e  t o  p r o a c t i v e  i n t e r f e r e n c e ,  and  w h e t h e r  e i t h e r  o r  
b o t h  o f  t h e  l e s i o n  g r o u p s  wer e  more  a f f e c t e d  by t h i s
i n c r e a s e  i n  d i f f i c u l t y  o f  t h e  t a s k  t h a n  t h e  SHAM animals.
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The r e s u l t s  show t h a t  t h e  a n i m a l s  a l l  showed a mar k ed  
d e c r e a s e  i n  p e r f o r m a n c e  i n  t h e  p r e s e n c e  o f  p r o a c t i v e  
i n t e r f e r e n c e ,  b u t  t h a t  t h i s  d o e s  r e v e a l  any  w o r k i n g  memory 
d e f i c i t  i n  a n i m a l s  w i t h  MD l e s i o n s .
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CHAPTER THREE 
TESTS OF SPATIAL WORKING MEMORY
T h e s e  e x p e r i m e n t s  t e s t e d  t h e  a b i l i t y  o f  r a t s  w i t h  
l e s i o n s  i n  MD t o  l e a r n  and  p e r f o r m  a t a s k  r e q u i r i n g  s p a t i a l  
w o r k i n g  memory.  The r a t s  we r e  t e s t e d  i n  a  T-maze  i n  w h i c h  
t h e y  p e r f o r m e d  f o r c e d  a l t e r n a t i o n  t a s k s  w i t h  d e l a y s  f o r  
f o o d  r e w a r d ,  and  i n  w h i ch  t h e  t r i a l s  w e r e  o r g a n i s e d  i n  b o t h  
s p a c e d  and  m a s s e d  r e g i m e s .
—47 —
3 . 1  EXPERIMENT 3 
DELAYED FORCED ALTERNATION -  SPACED TRIALS
3 . 1 . 1  Method
S u b j e c t s  -  The s u b j e c t s  wer e  t h e  same a s  t h o s e  t h a t  
u n d e r w e n t  t h e  e x p e r i m e n t s  i n  C h a p t e r  1 ,  e x c e p t  f o r  one  MDibo 
a n i m a l  w h i c h  f e l l  i l l  a t  t h e  s t a r t  o f  this experiment and 
was t h e r e f o r e  e x c l u d e d .  The e x p e r i m e n t a l  g r o u p s  
t h e r e f o r e  c o m p r i s e d  MDibo ( n  = 9 ) ,  MDrf ( n  = 8 ) ,  SHAM ( n  = 
1 2 ) .
A p p a r a t u s  -  The T-maze  ( F i g .  13)  u s e d  i n  t h i s  t a s k  had  an 
a l u m i n i u m  f l o o r  10cm wi de  and  c l e a r  a c r y l i c  w a l l s  17cm h i g h .  
The s t e m  o f  t h e  maze was 80cm l o n g  w i t h  an  a l u m i n i u m  
g u i l l o t i n e  d o o r  33cm f rom t h e  b e g i n n i n g .  The c r o s s - p i e c e  was 
136cm l o n g  w i t h  a f o o d  w e l l  4 cm i n  d i a m e t e r  and  0 . 75 cm 
d e e p  i n  t h e  f l o o r  a t  e a c h  e n d .  The maze was s u p p o r t e d  on 
s t a n d s  93cm h i g h  and  was i l l u m i n a t e d  by f l u o r e s c e n t  
r o o m - 1 i g h t s  s u s p e n d e d  92cm a bo ve  t h e  a p p a r a t u s .  At t h e  
c h o i c e  p o i n t  and  f o o d  w e l l s  t h e  l u m i n a n t  l e v e l s  w e r e  320 and  
280 l u x  r e s p e c t i v e l y .  T e s t i n g  was c a r r i e d  o u t  i n  a 
d i f f e r e n t  room f rom t h a t  u s e d  i n  E x p e r i m e n t  1 ,  and  i n  i t  
t a b l e s ,  c a g e  r a c k s ,  s i n k s ,  and  a  c o m p u t e r  p r o v i d e d  s a l i e n t  
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B e h a v i o u r a l  P r o c e d u r e  -  T e s t i n g  b e g a n  on a v e r a g e  30 d a y s  
a f t e r  c o m p l e t i o n  o f  E x p e r i m e n t  1.  Each  r a t  r e q u i r e d  o n l y  1 
o r  2 d a y s  o f  p r e t r a i n i n g  b e f o r e  i t  wou l d  r e l i a b l y  r u n  down 
t h e  s t e m  o f  t h e  maze t o  f i n d  f o o d  p e l l e t s  i n  b o t h  t h e  
f o o d - w e l I s .
E a ch  t r i a l  i n  t h i s  e x p e r i m e n t  c o n s i s t e d  o f  two
s t a g e s ;  a n  i n f o r m a t i o n '  r u n  and  a t e s t '  r u n .  To b e g i n  e a c h  
t r i a l ,  t h r e e  f o o d  r e w a r d  p e l l e t s  (45  mg) we r e  p l a c e d  i n  e a c h  
f o o d  w e l l  and  a wooden b l o c k  was u s e d  t o  c l o s e  o f f  one  arm 
o f  t h e  maze a d j a c e n t  t o  t h e  c h o i c e - p o i n t .  The r a t  was t h e n  
p l a c e d  a t  t h e  s t a r t - p o i n t  and  t h e  g u i l l o t i n e  d o o r  was
r a i s e d  ( F i g .  1 3 ) .  On t h i s  ' i n f o r m a t i o n '  r u n  t h e  a n i m a l  was 
f o r c e d  by t h e  wooden b l o c k  t o  e n t e r  t h e  open  arm o f  t h e  
T-maze an d  was a l l o w e d  t o  e a t  a l l  o f  t h e  p e l l e t s  i n  t h e  f o o d  
w e l l .  No r e t r a c i n g  was p e r m i t t e d .  The r a t  was t h e n  p i c k e d  up 
and p l a c e d  b a c k  i n  t h e  s t a r t - b o x ,  t h e  wooden b l o c k  r e mov ed ,  
and  t h e  d o o r  r a i s e d  so  t h a t  t h e  r a t  was a b l e  t o  make a 
s e c o n d  r u n .  The d e l a y  b e t w e e n  t h e  two r u n s  was
a p p r o x i m a t e l y  t e n  s e c o n d s .  On t h i s  s e c o n d  o r  ' t e s t '  r u n  t h e  
r a t  was f r e e  t o  e n t e r  e i t h e r  a rm,  and  was deemed t o  h a v e  
c h o s e n  when i t  h ad  p l a c e d  b o t h  h i n d  f e e t  i n  e i t h e r  o f  t h e  
g o a l  a r m s ,  w he r e u p o n  t h e  wooden b l o c k  was p u t  b e h i n d  i t  t o  
p r e v e n t  r e t r a c i n g .  I f  t h e  r a t  h ad  a l t e r n a t e d ,  i . e .  e n t e r e d  
t h e  o t h e r  arm t o  thé one  it had chosen on the information 
r u n ,  i t  was a l l o w e d  t o  e a t  t h e  f o o d  and  was t h e n  r e t u r n e d  t o  
its c a g e .  I f  i t  h a d  c h o s e n  t h e  same a rm,  i . e .  h ad  n o t
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a l t e r n a t e d ,  t h e  r a t  was c o n f i n e d  t o  t h e  arm f o r  
a p p r o x i m a t e l y  t e n  s e c o n d s  b e f o r e  b e i n g  r e t u r n e d  t o  i t s  c a g e .
The r a t s  we r e  t e s t e d  i n  g r o u p s  o f  t h r e e  o r  f o u r ,  
w i t h  e a c h  r a t  h a v i n g  one  t r i a l  i n  t u r n .  T h i s  ' s p a c e d '
m e th o d  mean t  t h a t  t h e r e  was an i n t e r - t r i a l  i n t e r v a l  o f  t h r e e  
t o  f i v e  m i n u t e s .  Each  r a t  r e c e i v e d  s i x  t r i a l s  p e r  d a y ,  e a c h  
c o n s i s t i n g  o f  two r u n s  t h r o u g h  t h e  m az e .  The s i x  t r i a l s  
c o n s i s t e d  o f  t h r e e  l e f t  and  t h r e e  r i g h t  f o r c e d  t u r n s  i n  a 
m i x e d  o r d e r ,  and  c o n s e c u t i v e  r a t s  i n  a  g r o u p  we r e  r u n  on 
d i f f e r e n t  s c h e d u l e s  o f  t u r n s .  T e s t i n g  was c a r r i e d  o u t  f o r  a 
t o t a l  o f  s i x  d a y s  (36  t r i a l s ) .
T h e s e  s i x  s e s s i o n s  wer e  i m m e d i a t e l y  f o l l o w e d  by t h e  
s e c o n d  p h a s e  o f  t h i s  e x p e r i m e n t  i n  w h i c h  t h r e e  d i f f e r e n t
r e t e n t i o n  d e l a y s  ( 1 0 s ,  3 0 s ,  and  6 0 s )  we r e  imp osed  b e t w e e n
t h e  i n f o r m a t i o n  and  t e s t  r u n s ,  a g a i n  u s i n g  t h e  s p a c e d  
s c h e d u l e .  The r a t s  wer e  r e t u r n e d  t o  t h e i r  c a g e s  f o r  t h e
d u r a t i o n  o f  t h e s e  d e l a y s .  As b e f o r e  t h e  r a t s  r e c e i v e d  s i x  
t r i a l s  p e r  s e s s i o n  and  we r e  t e s t e d  i n  g r o u p s  o f  t h r e e  o r  
f o u r  so  t h a t  t h e  i n t e r t r i a l  i n t e r v a l  was b e t w e e n  t h r e e  and  
f i v e  m i n u t e s .  The t h r e e  d e l a y  c o n d i t i o n s  we r e  m i xe d  e q u a l l y  
w i t h i n  e a c h  s e s s i o n ,  and  t h e  e x p e r i m e n t  c o m p r i s e d  t e n  s u c h  
d a i l y  s e s s i o n s .
3 . 1 . 2  R e s u l t s
A l l  r a t s  we r e  a b l e  t o  a c q u i r e  t h i s  t a s k  r e l a t i v e l y  
q u i c k l y ,  b u t  t h e  MDibo g r o u p  made more  e r r o r s  i n  a c q u i s i t i o n
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t h a n  t h e  MDrf o r  SHAM g r o u p s  ( F i g .  1 4 ) .  However ,  t h i s
d i f f e r e n c e  when a n a l y s e d  i n  a  s e s s i o n - b y - s e s s i o n  c o m p a r i s o n  
f a i l e d  t o  r e a c h  s i g n i f i c a n c e  [ F ( 2 , 2 6 )  = 3 . 2 4 ,  0 . 1 > p > 0 , 0 5 ] .  
The same a n a l y s i s  a l s o  i n d i c a t e d  t h a t  t h e r e  was no c l e a r
s e s s i o n  e f f e c t  [ F ( 4 , 1 0 4 )  = 2 . 1 4 ] ,  and  no l e s i o n  x s e s s i o n  
i n t e r a c t i o n  [ F ( 8 , 1 0 4 )  = 1 . 7 9 ] .
D u r i n g  t h e  s u b s e q u e n t  20 t r i a l s  a t  e a c h  o f  t h r e e
d e l a y  c o n d i t i o n s  i n  t h e  s e c o n d  p h a s e  o f  t h e  e x p e r i m e n t ,  
p e r f o r m a n c e  d e c l i n e d ,  a s  e x p e c t e d ,  i n  r e s p o n s e  t o  t h e  
l e n g t h e n i n g  i n t e r v a l s  [ F ( 2 , 5 2 )  = 3 4 . 9 ,  p < 0 . 0 0 1 ] .  However ,
t h e r e  was no e v i d e n c e  o f  a l e s i o n  e f f e c t  [ F < 1 ] ,  o r  o f  a 
l e s i o n  x d e l a y  i n t e r a c t i o n  [ F ( 4 , 5 2 )  = 1 . 1 9 ] .
The MDibo g r o u p  c o u l d  be  d i v i d e d  i n t o  t h o s e  w i t h  
o r  w i t h o u t  m ar ked  c e l l  l o s s  i n  t h e  a n t e r i o r  t h a l a m i c  n u c l e i ,  
and  i n s p e c t i o n  o f  t h e  d a t a  showed a v e r y  c l e a r  c o r r e l a t i o n  
b e t w e e n  a n t e r i o r  n u c l e u s  damage and  p e r f o r m a n c e .  The two 
a n i m a l s  w i t h  t h e  g r e a t e s t  b i l a t e r a l  c e l l  l o s s  i n  AM, AD, and 
p a r t s  o f  AV, wh ic h  was c omb in ed  w i t h  r e t r o g r a d e  d e g e n e r a t i o n  
i n  t h e  m e d i a l  m a m m i l l a r y  b o d i e s ,  made t h e  f e w e s t  c o r r e c t  
r e s p o n s e s  u n d e r  d e l a y  c o n d i t i o n s  o f  a l l  t h e  28 a n i m a l s  i n  
t h e  s t u d y  (68% and 67%, o u t  o f  60 t r i a l s ) .  I n  a d d i t i o n ,  one  
o f  t h e  two a n i m a l s  w i t h  e x t e n s i v e  u n i l a t e r a l  a n t e r i o r  
n u c l e u s  damag e ,  i n v o l v i n g  a l l  o f  AD, AM, an d  AV, a c h i e v e d  
t h e  n e x t  l o w e s t  t o t a l  (84%) .  Although the f o u r t h  a n i m a l ,  
w i t h  u n i l a t e r a l  damage r e s t r i c t e d  t o  j u s t  AV and  AD, 
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F i g .  1 4 .  S p a t i a l  f o r c e d  a l t e r n a t i o n :  A c q u i s i t i o n
(mean p e r f o r m a n c e  o v e r  f i v e  t e s t  s e s s i o n s )  and  
p e r f o r m a n c e  w i t h  i n c r e a s i n g  r e t e n t i o n  i n t e r v a l s  
u s i n g  spaced t r i a l s .  V e r t i c a l  b a r s  show s t a n d a r d  
e r r o r s .
o f  t h i s  s u b g r o u p  o f  f o u r  MDibo r a t s  we r e  s i g n i f i c a n t l y  l ow er  
t h a n  t h o s e  o f  t h e  r e m a i n i n g  f i v e  MDibo a n i m a l s  
( M a n n - W h i t n e y , U = 2 ,  p = 0 . 0 3 2 ) .  The MDibo a n i m a l s  w i t h
a n t e r i o r  t h a l a m i c  damage wer e  n o t  d i f f e r e n t i a l l y  a f f e c t e d  
w i t h  i n c r e a s i n g  d e l a y s ,  b u t  p e r f o r m e d  a t  a l o w er  l e v e l  on 
a l l  o f  t h e  d e l a y s  ( F i g .  1 4 ) .
T h e r e  was no e v i d e n c e  t h a t  t h e  MDibo a n i m a l s  w i t h o u t  
a n t e r i o r  n u c l e u s  damage we r e  i m p a i r e d  on t h e s e  T-maze  t a s k s .  
T h i s  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g  t h a t  w i t h i n  t h e  MDibo 
g r o u p  t h e  c o r r e l a t i o n  b e t w e e n  t o t a l  MD damage and  t o t a l  
e r r o r s  on t h e  d e l a y  c o n d i t i o n s  was n e g a t i v e  ( r  = - 0 . 5 3 )  
w h i l e  t h e  c o r r e l a t i o n  w i t h  t h e  e x t e n t  o f  damage t o  t h e  
a n t e r i o r  n u c l e i  was p o s i t i v e  ( r  = 0 . 7 3 ,  n = 9 ,  p < 0 . 0 2 5 ) .
3 . 1 . 2  D i s c u s s i o n
No e v i d e n c e  was f o u n d  t h a t  MD damage d i s r u p t e d  
p e r f o r m a n c e  on t h i s  t a s k  u s i n g  d e l a y s  and  s p a c e d  t r i a l s .  
D e f i c i t s  w e r e ,  h o w e v e r ,  f o u n d  i n  t h o s e  MDibo r a t s  w i t h  
a p p r e c i a b l e  damage t o  t h e  a n t e r i o r  t h a l a m i c  n u c l e i ,  t h e  
d e f i c i t  b e i n g  a p p a r e n t  a t  a l l  c o n d i t i o n s .
The h i g h  l e v e l  o f  p e r f o r m a n c e  o f  a n i m a l s  w i t h  
e x t e n s i v e  MD damage p r o m p t e d  a  r e - e x a m i n a t i o n  o f  t h e  l i n k  
b e t w e e n  t h i s  n u c l e u s  and  i m p a i r m e n t s  i n  t e s t s  o f  s p a t i a l  
w o r k i n g  memory.  I n  p a r t i c u l a r ,  t h e  p r e s e n t  f i n d i n g s
s u g g e s t  t h a t  i m p a i r m e n t s  r e p o r t e d  a f t e r  MD damage may,  i n  
some c a s e s ,  r e f l e c t  damage e x t e n d i n g  r o s t r a l l y  i n t o  t h e
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a n t e r i o r  t h a l a m i c  n u c l e i  o r  v e n t r a l l y  i n t o  t h e  
mammi1 l o t h a l a m i c  t r a c t  ( S u t h e r l a n d  & R o d r i g u e z ,  1989;  
Thomas & G a s h ,  1 9 8 5 ) .  T h i s  w o u l d ,  i n  t u r n ,  b e  c o n s i s t e n t  
w i t h  t h e  f a c t  t h a t  t h e r e  a r e  d e n s e  h i p p o c a m p a l  p r o j e c t i o n s  
t o  t h e  a n t e r i o r  t h a l a m i c  n u c l e i  and  m a m m i l l a r y  b o d i e s .
Of t e n  o t h e r  s t u d i e s  o f  s p a t i a l  w o r k i n g  memory u s i n g  
e i t h e r  a  T-maze  o r  an e i g h t - a r m  r a d i a l  maze  f o u r  r e p o r t e d  
n o r m a l  l e v e l s  o f  p e r f o r m a n c e  ( G r e e n  & N a r a n j o ,  1986 ;  Kol b 
e t  a l . ,  1982 ;  O l t o n ,  1978;  T i g n e r ,  1974)  w h i l e  s i x  r e p o r t e d  
d e f i c i t s  ( B r i t o  e t  a l . ,  1982;  K e s s l e r  e t  a l . ,  1982;  Means ,  
H a r r e l l ,  Mayo,  & A l e x a n d e r ,  1974 ;  S t o k e s  & B e s t ,  1988;  
V i c e d o m i n i  e t  a l . ,  1982;  W e i s s  & Means ,  1980)  f o l l o w i n g  MD 
l e s i o n s .  I n  h a l f  o f  t h e s e  s i x  s t u d i e s  i t  i s  e v i d e n t  
t h a t  i n  n e a r l y  a l l  a n i m a l s  t h e  l e s i o n s  i n v o l v e d  one  o r  
more  o f  t h e  a n t e r i o r  t h a l a m i c  n u c l e i  ( K e s s l e r  e t  a l . ,  1982;  
S t o k e s  & B e s t ,  1988;  W e i s s  & Means ,  1 9 8 0 ) .
I n  one  o f  t h e  r e m a i n i n g  t h r e e  s t u d i e s  t h e  e x t e n t  o f  
t h e  s p o n t a n e o u s  a l t e r n a t i o n  d e f i c i t  c o r r e l a t e d  c l o s e l y  w i t h  
t h e  e x t e n t  o f  h a b e n u l a  damage b u t  n o t  w i t h  damage t o  MD 
(Means e t  a l . ,  1 9 7 4 ) .  F u r t h e r m o r e ,  many o f  t h e  a n i m a l s  
s u f f e r e d  some b i l a t e r a l  damage t o  t h e  d o r s a l  h i p p o c a m p u s .  
I n  a  s e c o n d  s t u d y  ( V i c e d o m i n i  e t  a l . ,  1982)  t h e  
h i s t o l o g i c a l  r e c o n s t r u c t i o n s  s t r o n g l y  i n d i c a t e  t h a t  many 
c a s e s  r e c e i v e d  some damage t o  t h e  a n t e r i o r  t h a l a m i c  n u c l e i ,  
and  t h a t  i n  some c a s e s  t h e  l e s i o n s  e x t e n d e d  v e n t r a l l y  i n t o  
t h e  mammi1 l o t h a l a m i c  t r a c t .  I n  t h e  t h i r d  s t u d y  ( B r i t o  e t
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a l . ,  1982)  i t  was s t a t e d  t h a t  t h e  a n t e r i o r  t h a l a m i c  n u c l e i  
we r e  s p a r e d ,  a l t h o u g h  t h e  mammi1 l o t h a l a m i c  t r a c t  was 
t r a n s e c t e d  i n  two o f  t h e  s e v e n  r a t s .  U n f o r t u n a t e l y ,  o n l y  a 
s i n g l e  m i c r o g r a p h  a t  a s i n g l e  l e v e l  was p r o v i d e d  t o
i l l u s t r a t e  t h e  MD l e s i o n s  ( B r i t o  e t  a l . ,  1 9 8 2 ) .
T h e s e  r e s u l t s  seem t o  i m p l y  t h a t  l e s i o n s  r e s t r i c t e d
t o  MD do n o t ,  by  t h e m s e l v e s ,  i m p a i r  p e r f o r m a n c e  on t e s t s  o f  
s p a t i a l  w o r k i n g  memory.  However ,  t h e  t h r e e  s t u d i e s  ( B r i t o  e t  
a l . ,  1982;  V i e e d o m i n i  e t  a l . ,  1982;  W e i s s  & Means 1980)  t h a t  
f o u n d  i m p a i r m e n t s  u s i n g  a T-maze  h ad  a l s o  u s e d  m a s s e d  
r a t h e r  t h a n  s p a c e d  t r i a l s .  I t  was t h e r e f o r e  d e c i d e d  t o  r u n  
t h i s  t e s t  u s i n g  m a s s e d  t r i a l s  i n  o r d e r  t o  i n c r e a s e  t h e
d i f f i c u l t y  o f  t h e  t a s k .
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3 . 2  EXPERIMENT 4
DELAYED FORCED ALTERNATION -  MASSED TRIALS
T h i s  e x p e r i m e n t  was r u n  i m m e d i a t e l y  a f t e r  and  a s  a 
r e s p o n s e  t o  E x p e r i m e n t  3 .  The a im o f  u s i n g  m a s s e d  t r i a l s  a s  
w e l l  a s  d e l a y s  was b o t h  t o  i n c r e a s e  t h e  d i f f i c u l t y  o f  t h e
w o r k i n g  memory component  o f  t h e  t a s k ,  t h u s  e x p o s i n g  any  more
s u b t l e  i m p a i r m e n t s  t h a t  m i g h t  e x i s t  i n  t h e  MD l e s i o n  g r o u p s ,  
and  a l s o  t o  be  a s  c o n s i s t e n t  a s  p o s s i b l e  w i t h  p r e v i o u s
s t u d i e s  ( B r i t o  e t  a l ,  1982;  V i c e d o m i n i  e t  a l ,  1982;  W e i s s  &
Means ,  1980)  w h i c h  u s e d  t h i s  m e t h od  and  r e p o r t e d  i m p a i r m e n t s  
i n  MD r a t s .
3 . 1 . 1  Method
The m e th o d  u s e d  f o r  t h i s  e x p e r i m e n t  was e x a c t l y  
t h e  same a s  t h a t  u s e d  i n  E x p e r i m e n t  3 ,  b u t  w i t h  t h e  
f o l l o w i n g  c h a n g e s  made t o  t h e  b e h a v i o u r a l  p r o c e d u r e .
Each  r a t  was g i v e n  s i x  t r i a l s  p e r  d a y  i n  a  m a s s e d  
r a t h e r  t h a n  a  s p a c e d  r e g i m e ,  i . e .  e a c h  r a t  h a d  s i x  
c o n s e c u t i v e  t r i a l s  w i t h  o n l y  a 30 s e c o n d  i n t e r t r i a l  i n t e r v a l  
b e t w e e n  a t e s t  r u n  and the next information r u n .  R e t e n t i o n  
d e l a y s  o f  e i t h e r  10 s e c o n d s  o r  30 s e c o n d s  we r e  p l a c e d  
b e t w e e n  t h e  i n f o r m a t i o n  and  t e s t  r u n s .  The r a t s
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r e c e i v e d  t e n  s e s s i o n s  i n  w h i c h  t h e s e  two d i f f e r e n t  d e l a y s  
we r e  m i x e d  e q u a l l y  w i t h i n  e a c h  s e s s i o n .
3 . 2 . 2  R e s u l t s
As i n  E x p e r i m e n t  3 ,  t h e r e  was a m a s s i v e  e f f e c t  w i t h  
d e l a y  ( F i g .  15)  [ F ( 2 , 2 6 )  = 8 1 . 7 5 ,  p < . 0 0 1 ] ,  b u t  no c l e a r
l e s i o n  e f f e c t  [ F ( 2 , 2 6 )  = 1 . 3 3 ] .  T h e r e  was ,  h o w e v e r ,  a
s i g n i f i c a n t  l e s i o n  x d e l a y  i n t e r a c t i o n  [ F ( 2 , 2 6 )  = 6 . 9 4 ,
p < . 0 1 ]  w h i c h  r e f l e c t e d  t h e  s t e e p e r  d e c r e m e n t  i n  p e r f o r m a n c e  
i n  t h e  MDrf a n i m a l s  ( F i g .  1 5 ) .  T h i s  was c o n f i r m e d  by a 
p a i r w i s e  c o m p a r i s o n  b e t w e e n  t h e  SHAM and  MDrf g r o u p s  wh i c h  
r e v e a l e d  b o t h  a l e s i o n  e f f e c t  [ F ( l , 1 8 )  = 4 . 8 9 ,  p < . 0 5 ]  and  a 
s i g n i f i c a n t  i n t e r a c t i o n  [ F ( l , 1 8 )  = 7 . 0 4 ,  p , . 0 2 5 ] .
The s u b g r o u p  o f  MDibo a n i m a l s  w i t h  a n t e r i o r  t h a l a m i c  
damage a g a i n  showed c l e a r  i m p a i r m e n t  i n  a  v e r y  s i m i l a r  
p a t t e r n  t o  E x p e r i m e n t  3 ,  w i t h  t h e  two p o o r e s t  p e r f o r m e r s  
(57% and  63%) b e i n g  t h o s e  two w i t h  t h e  l a r g e s t  a n t e r i o r  
b i l a t e r a l  c e l l  l o s s .  The a n i m a l  w i t h  e x t e n s i v e  b u t  
u n i l a t e r a l  a n t e r i o r  damage a g a i n  p e r f o r m e d  p o o r l y ,  a c h i e v i n g  
t h e  f o u r t h  l o w e s t  s c o r e  (78%) ,  and  t h e  a n i m a l  w i t h  t h e  
s m a l l e r  u n i l a t e r a l  a n t e r i o r  l e s i o n  a g a i n  p e r f o r m e d  n o r m a l l y  
(90%) .
F i n a l l y ,  a  c o m p a r i s o n  was made o f  t h e  p e r f o r m a n c e  o f  
a l l  MD a n i m a l s  on s p a t i a l  tasks against non—spatial 
p e r f o r m a n c e .  T o t a l  e r r o r s  on a l l  T-maze  c o n d i t i o n s  we r e  
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F i g .  15.  S p a t i a l  " f o r c e d  a l t e r n a t i o n : ^  P e r f o r m a n c e  
w i t h  i n c r e a s i n g  r e t e n t i o n  i n t e r v a l s  u s i n g  m a s s e d  
t r i a l s .
t a s k ,  and  no e v i d e n c e  o f  c o r r e l a t i o n  was f o u n d  [ r ( 1 7 )  =
0 . 1 3 ] .
3 . 2 . 3  D i s c u s s i o n
The r e s u l t s  o f  t h i s  e x p e r i m e n t  seem t o  i m p l y  t h a t  a 
c o m b i n a t i o n  o f  d e l a y  c o n d i t i o n s  and  m a s s e d  t r i a l s  c a n  i n d e e d  
r e s u l t  i n  r a t s  w i t h  MD l e s i o n s  b e i n g  i m p a i r e d  on a  t e s t  o f  
s p a t i a l  w o r k i n g  memory,  t h e  MDrf a n i m a l s  s h o w i ng  a f a s t e r  
r a t e  o f  f o r g e t t i n g  t h a n  t h e  o t h e r  g r o u p s  ( F i g .  1 5 ) .  However ,  
t h e  f a c t  t h a t  t h e  MDibo g r o u p  r e m a i n s  u n i m p a i r e d  u n d e r  t h e s e  
c o n d i t i o n s  a g a i n  q u e s t i o n s  w h e t h e r  t h e  d e f i c i t s  r e p o r t e d  by 
p r e v i o u s  s t u d i e s  ( B r i t o  e t  a l . ,  1982;  K e s s l e r  e t  a l  1982;  
Means e t  a l ,  1974;  S t o k e s  à. B e s t ,  1988;  V i c e d o m i n i  e t  a l ,
1982 ;  W e i s s  à. Means ,  1980)  c a n  c o n f i d e n t l y  b e  a t t r i b u t e d  t o  
damage t o  c e l l s  w i t h i n  MD.
The s u b g r o u p  o f  a n i m a l s  w i t h  a n t e r i o r  n u c l e u s  damage 
i n  t h e  p r e s e n t  s t u d y  was a g a i n  c l e a r l y  i m p a i r e d  ( F i g .  1 5 ) ,  
t h u s  r e i n f o r c i n g  t h e  f i n d i n g s  i n  E x p e r i m e n t  3 ,  and  t h e  
s u b s e q u e n t  s u g g e s t i o n  t h a t  t h e  d e f i c i t s  f o u n d  i n  t h r e e  o f  
t h e  s i x  s t u d i e s  a b ov e  ( K e s s l e r  e t  a l . ,  1982 ;  S t o k e s  & B e s t ,
1988;  We i s s  & Means ,  1980)  may be  a t t r i b u t a b l e  t o  t h e
a n t e r i o r  damage t h e y  r e p o r t e d .  I n  t h e  t h r e e  r e m a i n i n g  
s t u d i e s  ( B r i t o  e t  a l ,  1982;  Means e t  a l ,  1974;  V i c e d o m i n i  e t  
a l ,  1982)  t h e  l e s i o n s  we r e  o f  t h e  n o n - n e u r o t o x i n  t y p e  a n d ,  
a s  r e p o r t e d  i n  E x p e r i m e n t  3 ,  a l l  h ad  i n c l u d e d  damage t o  
f i b r e s  i n  some o f  t h e  l e s i o n  g r o u p  a n i m a l s .
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I n  c o n c l u s i o n ,  t h e  c a s e  t h a t  l e s i o n s  r e s t r i c t e d  t o  
MD c a n  i m p a i r  t e s t s  o f  s p a t i a l  w o r k i n g  memory c a n  o n l y  be  
d e s c r i b e d  a s  u n p r o v e n .  I n  t h e  p r e s e n t  s t u d y  t h e  o n l y  
c o n d i t i o n  t h a t  p r o d u c e d  an  i m p a i r m e n t  was t h e  c o m b i n a t i o n  o f  
m a s s e d  t r i a l s  a nd  i n c r e a s e d  r e t e n t i o n  d e l a y s ;  no d e f i c i t  
b e i n g  o b s e r v e d  when t h e s e  two f a c t o r s  we r e  e xa m i n e d  
s e p a r a t e l y .  The p r e s e n t  f i n d i n g s ,  c ombined  w i t h  t h e  e v i d e n c e  
that damage to the anterior thalamic nuclei or the 
mammi1 l o t h a l a m i c  t r a c t  ( S u t h e r l a n d  & R o d r i g u e z ,  1989;  Thomas 
& G a s h ,  1985)  c a n  d i s r u p t  s i m i l a r  s p a t i a l  t a s k s ,  p o i n t s  t o  
t h e  c o n c l u s i o n  t h a t  MD damage may n o t ,  on i t s  own,  be  
s u f f i c i e n t  t o  i m p a i r  s p a t i a l  w o r k i n g  memory an d  t h a t  some 
d e f i c i t s  r e f l e c t  i n a d v e r t e n t  damage t o  a d j a c e n t  r e g i o n s  o r  




The p r i m a r y  a im o f  t h i s  s t u d y  was t o  e x am i ne  t h e  
e f f e c t s  o f  l e s i o n s  i n  t h e  n u c l e u s  m e d i a l i s  d o r s a l i s  on two 
t y p e s  o f  w o r k i n g  memory t e s t s ,  o b j e c t  r e c o g n i t i o n  and  
s p a t i a l  a l t e r n a t i o n .  Bo t h  u s e d  a d e l a y e d  n o n - m a t c h i n g  t o  
s a m p l e  r u l e ,  a l t h o u g h  t h e  f o r m e r  was n o n - s p a t i a l  and  t h e  
l a t t e r  s p a t i a l .  The s e c o n d a r y  a im was t o  d e t e r m i n e  w h e t h e r  
damage t o  f i b r e s  o f  p a s s a g e  c o n t r i b u t e d  t o  t h e  e f f e c t s  o f  MD 
d a m a g e .
I t  was f o u n d  t h a t  MD l e s i o n s ,  p r o d u c e d  by e i t h e r  
r a d i o f r e q u e n c y  o r  n e u r o t o x i n ,  s i g n i f i c a n t l y  i m p a i r e d  
a c q u i s i t i o n  o f  t h e  n o n s p a t i a l  DNMS t a s k .  However ,  t h o s e  
a n i m a l s  t h a t  we r e  a b l e  t o  m a s t e r  t h e  t a s k  c o u l d  s u b s e q u e n t l y  
m a i n t a i n  t h i s  n o r ma l  o r  n e a r - n o r m a l  p e r f o r m a n c e  w i t h  
r e t e n t i o n  d e l a y s  o f  up t o  6 0 s .  I n  t h e  s p a t i a l  a l t e r n a t i o n  
t a s k s  t h e  o n l y  c l e a r  i m p a i r m e n t s  came f rom  t h o s e  a n i m a l s  i n  
t h e  MDibo g r o u p  i n  w h i ch  t h e  l e s i o n  h ad  e x t e n d e d  i n t o  t h e  
a n t e r i o r  t h a l a m i c  n u c l e i ;  t h e  d e g r e e  o f  i m p a i r m e n t  
c o r r e l a t i n g  quite clearly with the extent of anterior 
t h a l a m i c  damage .  The o n l y  d e f i c i t  t h a t  m i g h t  be  l i n k e d  t o  
damage i n  MD was f o u n d  i n  t h e  MDrf a n i m a l s  when t h e y  wer e
-59-
r e q u i r e d  t o  p e r f o r m  t h e  t a s k  u n d e r  c o n d i t i o n s  o f  h i g h  
p r o a c t i v e  i n t e r f e r e n c e ,  i . e .  w i t h  b o t h  m a s s e d  t r i a l s  and  
r e t e n t i o n  d e l a y .
The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  s t r o n g l y  s u g g e s t  
t h a t  damage t o  f i b r e s  o f  p a s s a g e  made i n  t h e  c o u r s e  o f  MD 
s u r g e r i e s  d o e s  n o t  c o n t r i b u t e  t o  t h e  e f f e c t s  o f  t h e  l e s i o n s  
upon  n o n - s p a t i a l  w o r k i n g  memory.  T h i s  c o n c l u s i o n  comes f rom 
t h e  l a c k  o f  d i f f e r e n c e  b e t w e e n  t h e  MDrf and  MDibo g r o u p s  
on t h e  n o n - s p a t i a l  (Y-maze)  DNMS t a s k s ,  and  a l s o  f ro m t h e  
f a c t  t h a t  when b o t h  g r o u p s  w er e  co mbi ned  t h e  e x t e n t  o f  t h e  
DNMS a c q u i s i t i o n  i m p a i r m e n t  was s t i l l  c o r r e l a t e d  w i t h  t h e  
e x t e n t  o f  c e l l u l a r  damage i n  MD. T h e s e  r e s u l t s  l e s s e n  
t h e  l i k e l i h o o d  t h a t  o t h e r  s t u d i e s  o f  t h e  e f f e c t s  o f  
M D l e s i o n s  h a v e  b e e n  comp r omi s ed  by damage t o  f i b r e s  o f  
p a s s a g e ,  and  a r e  t h e r e f o r e  c o n s i s t e n t  w i t h  t h e  p r e v a l e n t  
v i ew t h a t  any  c o n t r i b u t i o n  o f  MD damage t o  d i e n c e p h a l i c  
a m n e s i a  i s  due  t o  t h e  r o l e  p l a y e d  by t h e  n u c l e u s  i t s e l f .  
However ,  t h e  d e c l i n e  i n  t h e  p e r f o r m a n c e  o f  t h e  MDrf a n i m a l s  
on t h e  s p a t i a l  w o r k i n g  memory t a s k  u n d e r  m a s s e d  c o n d i t i o n s  
( E x p e r i m e n t  4 )  d o e s  p o s e  t h e  q u e s t i o n  a s  t o  w h e t h e r a  
d i f f e r e n c e  b e t w e e n  t h e  MDrf and  SHAM g r o u p s  m i g h t  h a v e  b e e n  
d e m o n s t r a t e d  i f  t h e  t a s k  d i f f i c u l t y  h a d  b e e n  f u r t h e r  
i n c r e a s e d .  I f  t h i s  wer e  t o  be  t h e  c a s e ,  t h i s  c o u l d  be  a 
possible explanation for some of the apparently
c o n t r a d i c t o r y  f i n d i n g s  o f  d e f i c i t s  i n  a n i m a l s  w i t h  
n o n - c h e m i c a l  MD l e s i o n s  ( B r i t o  e t  a l ,  1982;  Means e t  a l .
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1974;  V i c e d o m i n i  e t  a l ,  1982)  wh e r e  t h e  a b i l i t y  o f  r a t s  t o  
p e r f o r m  s i m i l a r  t a s k s  o f  s p a t i a l  w o r k i n g  memory i s  t a x e d  t o  
an  e x t r e m e  d e g r e e .  However ,  t h i s  h y p o t h e s i s  would  h a v e  t o  
a w a i t  f u r t h e r  e x p e r i m e n t a t i o n  i n  w h i c h  r a t s  w i t h  l e s i o n s  
made by e i t h e r  m e t h o d  c o u l d  be  comp ar ed  on e q u a l l y  d i f f i c u l t  
s p a t i a l  t a s k s  t o  t h o s e  u s e d  i n  t h e s e  t h r e e  s t u d i e s .
C e n t r a l  t o  t h e  r e s u l t s  f r o m t h e  d e l a y e d  n o n - m a t c h i n g  
t o  s a m p l e  t a s k  was t h e  f i n d i n g  t h a t  r a t s  w i t h  MD damage wer e  
i m p a i r e d  on a c q u i s i t i o n  o f  t h e  t a s k ,  b u t  n o t  on i t s  
p e r f o r m a n c e  o v e r  d e l a y s .  T h i s  d i f f e r s  f ro m t h e  r e s u l t s  o f  
p r e v i o u s  e x p e r i m e n t s  u s i n g  e x a c t l y  t h e  same a p p a r a t u s  and  
p r o c e d u r e  i n  w h i c h  r e mo v a l  o f  n e i t h e r  t h e  h i p p o c a m p u s  
( A g g l e t o n  e t  a l ,  1 9 8 6 ) ,  a m y g d a l a  ( A g g l e t o n ,  B l i n d t ,  & 
R a w l i n s ,  1 9 8 9 ) ,  f o r n i x  n o r  m a m m i l l a r y  b o d i e s  ( A g g l e t o n ,  
H u n t ,  & Shaw,  1990)  d i s r u p t s  t h e  r a t e  o f  a c q u i s i t i o n  o f  t h i s  
t a s k .  I n d e e d ,  u n p u b l i s h e d  e v i d e n c e  t h a t  f o r n i c a l  l e s i o n s  
i n c r e a s e  t h e  r a t e  o f  DNMS a c q u i s i t i o n  b u t  s e v e r e l y  i m p a i r  
t h e  s p a t i a l  a l t e r n a t i o n  t a s k  p o i n t s  t o  a d o u b l e  d i s s o c i a t i o n  
w i t h  t h e  e f f e c t s  o f  MD damage .  T h e s e  f i n d i n g s  u n d e r l i n e  t h e  
v e r y  d i f f e r e n t  c o n t r i b u t i o n s  o f  t h e  h i p p o c a m p u s  and MD t o  
l e a r n i n g  a nd  memory.
At f i r s t  s i g h t  i t  may be  t e m p t i n g  t o  d raw p a r a l l e l s  
w i t h  t h e  f i n d i n g  t h a t  MD l e s i o n s  i n  monkeys  c a n  a l s o  i m p a i r  
a c q u i s i t i o n  o f  DNMS t a s k s  ( A g g l e t o n  & Mishkin, 1983b;  
Z o l a - M o r g a n  & S q u i r e ,  1 9 8 5 ) .  I t  s h o u l d ,  h o w e v e r ,  be  n o t e d  
t h a t  t h i s  s i m i l a r i t y  may o n l y  be  s u p e r f i c i a l ,  a s  t h e  d e f i c i t
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i n  monkeys  i s  t h o u g h t  t o  be  a c o n s e q u e n c e  o f  t h e  d e l a y  o f  8 
t o  10 s e c o n d s  b e t w e e n  s a m p l e  p r e s e n t a t i o n  a nd  t e s t  (Overman,  
Ormsby,  & M i s h k i n ,  1 9 9 0 ) .  No s u c h  d e l a y  o c c u r r e d  i n  t h e  
p r e s e n t  t a s k .  F o l l o w i n g  a c q u i s i t i o n  o f  t h e  t a s k ,  monkeys  
w i t h  MD l e s i o n s  show p e r f o r m a n c e  d e f i c i t s  w i t h  r e t e n t i o n  
d e l a y s  o f  60 s e c o n d s  ( A g g l e t o n  & M i s h k i n ,  1 983b ;  Z o l a - M o r g a n  
& S q u i r e ,  1 9 8 5 ) ,  w h i l e  t h o s e  a n i m a l s  i n  t h e  p r e s e n t  s t u d y  
t h a t  wer e  a b l e  t o  m a s t e r  t h e  DNMS t a s k  p e r f o r m e d  a t  a 
n e a r - n o r m a l  l e v e l  w i t h  t h e  same r e t e n t i o n  d e l a y .  T h i s  
a p p a r e n t  d i f f e r e n c e  i s ,  o f  c o u r s e ,  b i a s e d  by t h e  e x c l u s i o n  
o f  t h o s e  r a t s  t h a t  f a i l e d  t o  m a s t e r  t h e  t a s k ,  a n d ,  h ad  t h e y  
b e e n  t e s t e d  on t h e  d e l a y  c o n d i t i o n s  a f t e r  t h e  l i m i t  o f  400 
t r a i n i n g  t r i a l s ,  t h e r e  i s  l i t t l e  d o u b t  t h a t  à c l e a r  g r o u p  
d i f f e r e n c e  would  h a v e  e m er g ed .
One i n t e r p r e t a t i o n  o f  r e s u l t s  i s  t h a t  t h e  e f f e c t s  o f  
t h e  MD l e s i o n s  on DNMS t a s k s  r e f l e c t  a  p r o c e d u r a l  l e a r n i n g  
d e f i c i t .  W h i l e  t h i s  i s  c o n t r a r y  t o  f i n d i n g s  f rom  monkeys  
( A g g l e t o n  & M i s h k i n ,  19 8 3a ;  Z o l a - M o r g a n  & S q u i r e ,  1 9 8 5 ) ,  i t  
i s  c o n s i s t e n t  w i t h  f i n d i n g s  f ro m o t h e r  s t u d i e s  w i t h  r a t s .  I t  
h a s  b e e n  shown t h a t  r a t s  w i t h  MD l e s i o n s  a r e  v e r y  i m p a i r e d  
a t  a c q u i r i n g  a r e v e r s a l  l e a r n i n g - s e t  f o r  o l f a c t o r y  
d i s c r i m i n a t i o n s  ( S l o t n i c k  & Kaneko ,  1 9 8 1 ) .  S i m i l a r l y ,  i t  h a s  
b e e n  f o u n d  t h a t  MD l e s i o n s  c a n  s e v e r e l y  i m p a i r  t h e  
a c q u i s i t i o n  o f  an  o d o u r  d i s c r i m i n a t i o n - s e t  ( S t a u b l i  e t  a l ,  
1 9 8 7 ) ,  a l t h o u g h  w i t h  e x t e n s i v e  t r a i n i n g  t h i s  d e f i c i t  c o u l d  
be  p a r t i a l l y  o v e r c o m e .  T h i s  l a t t e r  f i n d i n g  i s  r e m i n i s c e n t  o f
— 62—
t h o s e  a n i m a l s  i n  t h e  p r e s e n t  s t u d y  t h a t  c o u l d  p e r f o r m  t h e  
Y-maze t a s k  a t  n o r m a l  l e v e l s  o n c e  t h e y  h ad  e v e n t u a l l y  
m a s t e r e d  t h e  t a s k .  O t h e r  a c q u i s i t i o n  d e f i c i t s  f o l l o w i n g  MD 
l e s i o n s  h a v e  b e e n  f o u n d  u s i n g  a compound v i s u a l - t a c t i l e  
d i s c r i m i n a t i o n  t a s k  ( Wa r i n g  & Means ,  1976 ;  W e i s s  & Means ,  
1 9 8 0 ) ,  a g o / n o - g o  a l t e r n a t i o n  t a s k  ( W i n o c u r ,  1 9 8 5 ) ,  a nd  a 
t e m p o r a l  a l t e r n a t i o n  t a s k  i n  a  s t r a i g h t  a l l e y  ( B e r a c o c h e a  e t  
a l ,  1 9 8 9 ) .  T h i s  a r r a y  o f  r e s u l t s  s t r o n g l y  s u g g e s t s  t h a t  MD 
l e s i o n s  d i s r u p t  r u l e - l e a r n i n g  on a  w i d e  r a n g e  o f  t a s k s ,  
a d d i n g  w e i g h t  t o  t h e  i d e a  o f  a p r o c e d u r a l  l e a r n i n g  d e f i c i t .  
T h i s  may,  h o w e v e r , b e  r e s t r i c t e d  t o  n o n - s p a t i a l  t a s k s a n d  
n o t  i n c o n s i s t e n t  w i t h  e v i d e n c e  t h a t  p r o c e d u r a l  l e a r n i n g  f o r  
some t a s k s  i s  p r e s e r v e d  i n  K o r s a k o f f ' s  s yndrome  (Cohen & 
S q u i r e ,  1 9 8 0 ) .
I t  i s  p o s s i b l e  t h a t  an  a p p a r e n t  e f f e c t  s u c h  a s  a 
p r o c e d u r a l  l e a r n i n g  d e f i c i t  may,  i n  f a c t ,  be  c a u s e d  by some 
o t h e r  a s p e c t  o f  t h e  r a t s '  b e h a v i o u r  w h i ch  h a s  b e e n  a l t e r e d  
i n  some way by t h e  l e s i o n .  I n  t h i s  c a s e  i t  m i g h t  be  t h a t  t h e  
MD r a t s  w e r e  f a i l i n g  by p e r s e v e r a t i n g  i n  t h e i r  c h o i c e  o f  
b o d y - t u r n  d i r e c t i o n .  I n  f a c t  t h e  a n a l y s i s  o f  c o r r e c t i o n  
t r i a l s  p e r  e r r o r  o v e r  t h e  f i r s t  100 t r i a l s ,  a s  r e p o r t e d  i n  
t h e  r e s u l t s  o f  E x p e r i m e n t  1,  shows t h a t  t h i s  was n o t  t h e  
c a s e .
S i m i l a r l y ,  i t  i s  p o s s i b l e  t h a t  o l f a c t o r y  c u e s  h a v e  
an  e f f e c t  on t h e  DNMS Y-maze t a s k s .  A l t h o u g h  t h e  p o s s i b i l i t y  
t h a t  r a t s  c a n  c h e a t '  t o  s o l v e  t h e  Y-maze t a s k  by  f o l l o w i n g
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u n i n t e n t i o n a l l y  p r o v i d e d  o l f a c t o r y  c u e s  was r u l e d  o u t  i n  
p r e v i o u s ,  r e l a t e d  s t u d i e s  ( A g g l e t o n  e t  a l ,  1986;  H u s t o n  & 
A g g l e t o n ,  1 9 8 7 ) ,  t h e  c o n t r o l  e x p e r i m e n t  d e s c r i b e d  i n  t h e  
A pp en d i x  was r u n  t o  t e s t  t h e  r a t s  on t h e  same Y-maze t a s k ,  
b u t  u s i n g  c u e s  w h i ch  d i f f e r e d  i n  t h e  v i s u a l  mode o n l y .  T h i s  
was d e s i g n e d  t o  show w h e t h e r ,  when d e p r i v e d  o f  d i f f e r e n t i a l  
o l f a c t o r y  c u e s ,  t h e  c o n t r o l  r a t s  w ou ld  be  e q u a l l y  i m p a i r e d  
i n  l e a r n i n g  a s  t h e  MD r a t s .  U n f o r t u n a t e l y ,  n e i t h e r  l e s i o n  
n o r  c o n t r o l  a n i m a l s  showed any  s i g n  o f  l e a r n i n g  t h e  t a s k  a t  
a l l ,  p r e s u m a b l y  due  t o  t h e  g e n e r a l  r e d u c t i o n  i n  s a l i e n c e ,  
v i s u a l  an d  o l f a c t o r y ,  i n c u r r e d  by  p r o v i d i n g  t h e  l i m i t e d  
r a n g e  o f  c u e s  a v a i l a b l e  when f u r n i s h i n g  t h e  s t a r t / g o a l  b o x es  
w i t h  o n l y  one  m a t e r i a l .  D e s p i t e  t h i s  f a i l u r e ,  t h e  e x p e r i m e n t  
s e r v e d  t o  c o n f i r m  t h a t  t h e  r a t s  do i n d e e d  n e e d  t h e  c u e s  i n  
t h e  s t a r t / g o a l  b o x e s  t o  p e r f o r m  what  i s  t h e r e f o r e  c l e a r l y  a 
t a s k  o f  r e c o g n i t i o n  memory,  and  a r e  n o t  s o l v i n g  t h e  t a s k  b y ,  
f o r  e x a m p l e ,  f o l l o w i n g  s c e n t  t r a i l s  o r  a c c i d e n t a l  c u e s  g i v e n  
by t h e  t e s t e r .  O t h e r  s t u d i e s  w h i c h  a r e  c i t e d  i n  t h e  A pp e n d i x  
d i s c u s s i o n  do seem t o  i n d i c a t e  t h a t  t h e  p o s s i b l e  o l f a c t o r y  
i m p a i r m e n t s  o f  MD r a t s  wou l d  n o t  a f f e c t  t h e i r  p e r f o r m a n c e  i n  
t h e s e  e x p e r i m e n t s .
I n  c o n c l u s i o n  t h e n ,  i t  a p p e a r s  t h a t  MD i s  a 
s t r u c t u r e  o f  t h e  b r a i n  w h i c h  h a s  b e e n  s t r o n g l y  i m p l i c a t e d  i n  
memory f u n c t i o n s .  The e v i d e n c e  f o r  t h i s  h a s  come l a r g e l y  
f ro m s t u d i e s  o f  human c a s e s  o f  a m n e s i a ,  w h i ch  i s  n e c e s s a r i l y  
slow and  difficult to obtain in any degree of precision, and
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i s  t h e r e f o r e  o f t e n  open  t o  m i s i n t e r p r e t a t i o n .  Animal  s t u d i e s  
on t h e  o t h e r  h a n d  c an  be  c o n t r o l l e d  t o  a much g r e a t e r  
d e g r e e ,  b u t  h a v e  so  f a r  f a i l e d  t o  show an y  c l e a r  p i c t u r e  o f  
MD's i n v o l v e m e n t  i n  memory f u n c t i o n i n g .  G i v e n  t h a t  t h e  
n u c l e u s  h a s  s t r o n g  a n a t o m i c a l  c o n n e c t i o n s  w i t h  o t h e r  a r e a s  
of  t h e  b r a i n  w h i c h  a r e  known t o  be  i n v o l v e d  i n  l e a r n i n g  and  
memory,  t h i s  s t u d y  a t t e m p t e d  t o  a p p l y  t e s t s  o f  w o r k i n g  
memory w h i c h  a r e  known t o  be  s e n s i t i v e  t o  t h e  a m n e s i c  
e f f e c t s  o f  o t h e r  b r a i n  l e s i o n s  t o  r a t s  w i t h  l e s i o n s  i n  MD. 
The r e s u l t s  showed t h a t  MD l e s i o n s  h ad  l i t t l e  i f  any  e f f e c t  
on w o r k i n g  memory,  b u t  r e d u c e d  t h e  r a t s '  l e a r n i n g  a b i l i t y  on 
t h e  n o n - s p a t i a l  t e s t  o f  w o r k i n g  memory.
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APPENDIX
NON-SPATIAL WORKING MEMORY -  MONOCHROME BOXES
T h i s  e x p e r i m e n t  was d e s i g n e d  t o  e x am i ne  w h e t h e r  r a t s  
c o u l d  l e a r n  t h e  d e l a y e d  n o n - m a t c h i n g  t o  s a m p l e  t a s k  w i t h o u t  
u s i n g  o l f a c t o r y  c u e s ,  and  t o  d e t e r m i n e  w h e t h e r ,  u n d e r  t h e s e  
c o n d i t i o n s ,  t h e r e  was a d i f f e r e n c e  i n  t h e  a b i l i t y  t o  l e a r n  
t h e  t a s k  b e t w e e n  a l e s i o n  and  a n o n - l e s i o n  g r o u p .  The 
p u r p o s e  o f  t h i s  was t o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  r a t s  
w i t h  l e s i o n s  i n  MD m i g h t  show an i m p a i r m e n t  d ue  n o t  t o  a 
memory d e f i c i t ,  b u t  t o  a  s e n s o r y  o n e ,  a s  t h e  c e n t r a l  
d i v i s i o n  o f  MD i s  known t o  r e c e i v e  o l f a c t o r y  i n p u t s  
( C o r n w a l l  & P h i l l i p s o n ,  1988 ,  G r o e n e we ge n ,  1 9 8 8 ) .
Method -  The e x p e r i m e n t  was r u n  i n  e x a c t l y  t h e  same way a s  
t h e  n o r m a l  DNMS e x p e r i m e n t  d e s c r i b e d  i n  C h a p t e r  One,  w i t h  
t h e  e x c e p t i o n  t h a t  none  o f  t h e  p a i r s  o f  s t a r t / g o a l  b o x e s  
c o n t a i n e d  o b j e c t s ,  and  t h e i r  i n s i d e  s u r f a c e s  wer e  c o v e r e d  
w i t h  monochrome p h o t o g r a p h i c  p a p e r  on w h i c h  p a t t e r n s  h ad  
b e e n  p r i n t e d  w h i c h  wer e  d e s i g n e d  t o  make e a c h  p a i r  o f  b o x e s  
appear as distinctive as possible from all other pairs.
The s u b j e c t s  wer e  7 r a t s  a s  d e s c r i b e d  i n  t h e  
" G e n e r a l  M e th o d s "  s e c t i o n  o f  C h a p t e r  Two, r a n d o m l y  a l l o c a t e d
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t o  two s u r g i c a l  g r o u p s  (MDibo n = 4 ,  SHAM n = 3 ) .  I b o t e n i c  
a c i d  l e s i o n s  and  sham s u r g e r i e s  w er e  c a r r i e d  o u t  as  
d e s c r i b e d  i n  " G e n e r a l  M e t h o d s " .
A l l  o t h e r  p r o c e d u r e s  wer e  c a r r i e d  o u t  a s  d e s c r i b e d  i n  
s e c t i o n  2 . 1 ,  " G e n e r a l  M e t h o d s " .
R e s u l t s  -  The e x p e r i m e n t  was a b a n d o n e d  a f t e r  250 t r i a l s  a s  
t h e  a n i m a l s  we r e  s h owi ng  no s i g n i f i c a n t  e v i d e n c e  o f  l e a r n i n g  
t h e  t a s k ,  o r  o f  any  l e s i o n  e f f e c t  o r  i n t e r a c t i o n .  
F i g u r e  16 shows t h a t  t h e i r  s c o r e s  we r e  a t  c h a n c e  and  t h a t  
t h e y  d i d  n o t  i mp ro ve  t h r o u g h o u t  t h e  e x p e r i m e n t .
D i s c u s s i o n  -  The a n i m a l s  i n  b o t h  g r o u p s  c o u l d  n o t  l e a r n  t h e  
DNMS t a s k  when i t  was r u n  w i t h  monochrome b o x e s ,  e ven  t h o u g h  
i n  a l l  o t h e r  r e s p e c t s  t h e  p r o c e d u r e  was i d e n t i c a l  t o  
E x p e r i m e n t  1 .  The c o n c l u s i o n  t h e n  i s  t h a t  b o x e s  
d i s t i n g u i s h e d  o n l y  by monochrome p a t t e r n s  and  w i t h o u t  
o b j e c t s  do  n o t  p r o v i d e  s u f f i c i e n t  c u e s  t o  p e r m i t  r e c o g n i t i o n  
by  r a t s .  T h i s  may w e l l  be  b e c a u s e  t h e  r a t s  d o ,  i n  f a c t ,  u s e  
o l f a c t i o n  t o  h e l p  r e c o g n i s e  t h e  d i f f e r e n t  m a t e r i a l s  i n  t h e  
b o x e s .  I t  may a l s o  b e  d ue  t o  t h e  l a c k  o f  o b j e c t s  t o  p r o v i d e  
s u f f i c i e n t  t h r e e - d i m e n s i o n a l  v i s u a l  i n f o r m a t i o n ,  o r  t o  a 
c o m b i n a t i o n  o f  t h e  two.
Although this e x p e r i m e n t  h e l p s  t o  c o n f i r m  t h a t  rats 
d o ,  i n  f a c t ,  p e r f o r m  t h i s  t a s k  by r e c o g n i t i o n  and  n o t  by 
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Fi f f .  16 .  Y-maze n o n -m a t  ching^ t o  s a m p l e  u s i n g  
monochrome s t a r t / g o a l  b o x e s :  T r i a l s  1 t o  250.
q u e s t i o n  a s  t o  w h e t h e r  t h e y  u s e  o l f a c t o r y  c u e s  i n  t h e  
r e c o g n i t i o n  o f  t h e  b o x e s ,  and  t h e r e f o r e  w h e t h e r  t h e  r a t s  
w i t h  MD l e s i o n s  we r e  a t  a p o s s i b l e  d i s a d v a n t a g e .  W h i l e  
c o n t r o l  t e s t s  i n  r e l a t e d  s t u d i e s  h a v e  shown t h a t  r a t s  do n o t  
r e l y  on o l f a c t o r y  c u e s  i n  o r d e r  t o  p e r f o r m  t h e  DNMS t a s k  
( A g g l e t o n ,  H u n t ,  & R a w l i n s ,  1986 ,  H u s t o n  k  A g g l e t o n ,  1 9 8 7 ) ,  
i t  i s  p o s s i b l e  t h a t  s u c h  c u e s  add  t o  t h e  s a l i e n c e  o f  t h e  
d i f f e r e n t  p a i r s  o f  b o x e s . T h i s  e x p l a n a t i o n  o f  t h e  MD d e f i c i t  
i s  n o t ,  h o w e v e r ,  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  t h a t  MD 
l e s i o n s  do n o t  a f f e c t  d e t e c t i o n  t h r e s h o l d s  ( E i c h e n b a u m ,  
S h e d l a c k ,  & Eckmann,  1980 ,  S l o t n i c k  & K an ek o ,  1 9 8 1 ) ,  and  
e v e n  t h o u g h  o l f a c t o r y  d i s c r i m i n a t i o n  i m p a i r m e n t s  h a v e  b e e n  
r e p o r t e d  ( E i c h e n b a u m e t  a l ,  1980;  S l o t n i c k  & Kan ek o ,  1981;  
S t a u b l i  e t  a l ,  1 9 8 7 ) ,  t h e s e  h a ve  b e e n  i n t e r p r e t e d  a s  
i n d i c a t i n g  a p r o c e d u r a l  l e a r n i n g  d e f i c i t  r a t h e r  t h a n  t h e  
c o n s e q u e n c e  o f  a s p e c i f i c  o l f a c t o r y  d e t e c t i o n  d e f i c i t  
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